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MESSAGE OF THE PRESIDENT.

To theSenate and Howe of Beprewntdives:
As required by the provisions of the act of htarch 3, 1916, making appropriations for the

naval service for the fiscal year ending June 30, 1916, I transmit herewith the fourth annual
report of the National Advisory C?mnmittse for Aeronautics for the fiscal year ended June
30, 1918.

The recommendation of the committee as outlined in the cIosing paragraphs of ita report
for the continuance of the scientific study of the probleme of flight and tie development of
aviation for all purposes has my hearty appromil. Attention is also invited to the recom-
mendation of the committee that the appendixes of this report be pubIished with the report
as a pubIic document.

WOODROWWmaoN.
THE WHITE HOUSE, DecembT, 1918.

LE’ITER OF SUBMITTAL.

~A’ITONAL &lVISOEY (h ?d3HZTEEFOR liJ!ZtONAUTIC8,
Wa&hgton, D. (7., hbvembr 29, 1918.

The PRESIDENT:
In compliance with the provisions of the act of Congress, approved bfarch 3, 1915 (naval

appropriation act, Public No. 273, 63d Cong.), the National Advisory (lommittee for Aeronautics
has tho honor to submit herewith its fourth annual report, including a statement of the expendi-
tures to June 30, 1918.

Attention is invited to the appendixes to the committee’s report, and it b recommended
that they be published with the report of the committee as a public document.

The committee desires especially to invite your attention to the closing paragraphs of ita
report, and trusts that its recommendations for the continuance of the scientiilc study of the
problems of flight and for the development of avaition for all purposss may have your pproval.

very respectfully,
NAmONU ADVISORYCommzTEE EOE AEBONAUTIOS,
C?.13. ~MoOm, &irman Zlmutive Committee.
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FOURTH ANNUAL REPORT OF THE NATIONAL ADVISORY COMMITTEE FOR
AERONAUTICS.

NATIONAL kvrsoEY timTTEE FOB AERONAUTICS,
lWmhin@n, D. C., Ahemtvr 29, 1918.

TO the ~01’?@t?88:

In accordance with the provisions of the act of Congress approved March 3, 1915, estab-
lishing the National Advisory Committee for Aeronautic, the committee submits herewith its
fourth annual report. This report reviews the activities of the committee during the past year,
the work accomplished in the study of scientic problems reIating to Aeronautic, the assistance
rendered by the committee in the examination of aeronautical inventions, and in the collection
and distribution of scientific and technical data from abroad, and contains a statament of
expenditures, estimates for the fiscal year 1920, and certain recommendations for the considera-
tion of &mgrms. Technical reports covering the various subjects under investigation during
the past year are submitted as appendixes.

THE NATIONALADVISORYCOMMTI”l!EEFOR AERONATJTIOS.

The National Advisory Committee for Aeronautics was established by Ckmgressby act
approved March 3, 1915. Under the law the committee is charged with the supervision and
direction of the scientific study of the problems of flight with a view to their practical solution,
the determination of the problems which should be experimentally attacked, their investigation
and application to practical questions of aeronautics. The committee is also authorized to
direct and conduct research and experiment in aeronautic in such ~aboratcmy or laboratories,
in whole or in part, as maybe placed under ite direction.

The committee has twelve members, appointed by the President. & authorized by &m-
gress, the personnel of the committae consists of two members from the War Department, from
the office in charge of military aemnautim; two membem fim the Navy Dep~~t, ~m ~ .
office in charge of naval aeronautics; a representative each of the Smithsonian Institution, of

—-

the Unitad States Weather Bureau, and of the United Statas Bureau of Standarda; and not
more than five additional persons acquainted with the needs of aeronautical science, either civil
or miIitary, or skilled in aeronautical engineering or its allied sciences.

During the past year Maj. Gen. George O. Squier, Chief Signal Officar of the Army, and
Lieut. Col. V. E, Clark, Signal Corps, were succeeded on the committee by Maj. Gen. William L.
Eenlyj Director of Military Aeronautics, and Dr. Wallace C. Sabine, of the Bureau of Aircraft
Production. Hon. ByrimR. Newton resigned and was succeeded on the committae by Dr. John
R. Freeman, of Providence, R. I.

The MI committee meets twice a year, the annual meeting being held in October and the
semiannual meeting in April. The present report includes the activities of the committee
between the annual meeting held on October 4, 1917, and that held on October 10, 1918.

At the annual meeting held on October 10, 1918, the policy was adopted that no member
should serve as chairman for more than two consecutive terms. Dr. John R. Freeman W%
elected chairman to succeed Dr. William F. Durand, who had served two terms as chairman.

The organization of the Advisory Committee as of Octaber 10, 1918, the date of the annual
meeting, is as follows:

Dr. John R. Freeman, chairman.
Dr. S. W. Stratton, ”secretary.

9



10 ANNUAL REPORT NATIONAL ADVISORY COMMITTEEFOR AERONAUTICS.

Dr. Charles D. Walcott, chairman executive committee.
Dr. Joseph S. Ames.
Dr. William F. Durand.
Dr. John F. Hay-ford,
M&j. Gen. William L. Kenly, United Statas &my.
Prof. Charles F. Mmwin.
Dr. Michael I. Pupim
Dr. Wallace C. Sabine,
Rear Admiral David W, Taylor, United States Navy.
Commander John H, Towers, Unitad States Navy,

AMENDMENTS TO EEW’L4TIONS.

At-the semiannual meeting on April 18,1918, amendments to the regulations were adopted,
which were approved by the President under date of May 20, 1918, which provided. officially
for the position of assistant Becretary, and in accordsnca therewith Mr. John F, Victory was
appointad assistant secretary.

THE EXECUTIVE COMMITTEE.

For carrying out the work of the Advisory Committee the regdations provide for the eIe~
tion annually of mmxecutive committee, to consist of seven members, and to include furth6i”
any member of the Advisory Committee not otherwise a member Of b -ecutive Commith%
but resident in or near Washington and giving his t@e wholly o: chiefly to the special work of
the committee. The executive committee, as elected and organized on October 10, 1918, is as
follow%:

Dr. Charles D. Walcott, chairman.
—.

Dr. S. W. Stratton, secretary.
Dr. Joseph S. Ames.
Dr. John R. Freeman.
Dr. John F. Hayford.
Maj. Gen. W.”L. Kenly, United States Army.
Prof. Charles F. Marvin.
Dr. W. C. Sabine.
Rear Admiral D. W, Taylor, United States Navy.
Comman der John E. Towers, United States Navy.
The executive committee, in accordance with the general instructions of the Advisory

Committee, controls the administration of. the affairs of the committee and exercisw general
supervision over all arrangements for research and other matters undertaken or promoted by the
Adyisory (hnmittee.

The executive committee held regular monthly meetings throughout the year, and in
addition held 12 speciil meetings on the following dates:

October 9, 1917; November 15, 1917; December 11, 1917; January 10, 1918; January 24,
1918; February 8, 1918; February 23, 1918; March 15, 1918; March 23, 1918; April 18, 1918;
April 29, 1918; May 11, 1918; May 26, 1918; June 8, 1918; June 21, 1918; June 27, 1918; July
18, 1918; July 30, 1918; August 8, 1918; September 6, 1918; September 23, 1918; October 8,
1918; October 10, 1918.

The committee hse organized the necesssry small clerical and technical staffs for handling
the work of the committee proper, all of which is performed under the pemonal supervision
of one or more of the officers of the committee. The assistant secretsry, who also servas as
special disbursing agent, has charge of the office, records, and property of the committee.

subcommittees.

The following standing and spechd subcommittaea have been organized under the executive
cmnmittee. Reference to their specMc functions snd programs is contained elsewhere in
this report. Under provision of the regulations for the conduct of the work of the committee
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the membership of subcommittees is not limited b members of the advisory committee. The
committew marked with en asterisk r) have been superseded or discharged:

SIMNDING COMMITPEES.

Amcm.m DE=GNANnAesocrmm 13mmmmmm PBOBm~s:
Dr. W. F. Dnnmd, &i.nnan
Dr. John F. Hayford, acting &&rnm
Dr. Joseph S. Ames.
Nsval ConstructorJ. O.Hunmker, United States Navy.
Lieut. CommanderW. S. Burgess,United StateeNavy.
Lieut. Alexander Klemin, & S., & P.
J. H. DeK@t.
1%L. WhMemore.
R&l co-mtnulionfm airc7af&-

Dr. W. F, Durand, chairman.
Dr. S. W. ShattOn.
Dr. A. F. Zabm.
F. G. DiShL
W. B. Stout.
J. H. Nekon.
H. L. WhWemore.

Firepr@ meAags—
Dr. Jcseph S. &nes, chairman.
H. D. Gibbs.
R. G. Dort.
w. H. smith.
Lieut. H. A. Gm&m, United States Naval ReeerveForce.
H. L. Wk&temore.

NAVIGATIONOI?bcmrr, kUZOXA= INSTEUMSNmmm Acmmormw:
Dr. Joseph S. Ames,chairmm.
Dr. A. F. Zahm
MD. my.
001.T. H. Bane, United Statee Army.
Maj. Cl.E. Mendenhall, A. S., A. P.

POWERPLANTSmE AIRO=.
Dr. S. ‘W.Stiatton, chaimm.
L. M. Gri5th, vice ehairmm.
Dr. H. 0, Dickinson, eemetmy.
Herbert Ohase.
Prof. E. C. Newcomb.
PrOLG. w. Lewis.
Lieut. 0. F. Taylor, U. S: N. R. F.
Fuel injwtionen@ne-

L. M. Gri6MAchairman.
Dr. H. O. Dickinson.
Prof. E. O. Newcomb.
H. G. Ohatain.
P. L. Scott.
H. Lamp.

ST~m~ON - INV=TIGATIONO*MAmEw YORAnWEAFT:
Dr. S. W. Stratton, chsirmm.
Dr. G. K Burgess.
E. D. ‘WalexL
Dr. Fred W. McNti.
Naval Cone~ctm J. C. Hunsaker, United Statea Navy.
001.T. H. Baue, United States Army.
LightaUay8-

Dr. G. K. Burgess, chairrmm.
Maj. G. L. Norris, A. S., A. P.
0. K BlonglL
Z. Jeffries.
Prof. O. H. Mathewson.
Naval OonstrnctorJ, 0. Huneaker, United States Navy.

-..—.

—.
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SPECIAL COMMITTEES.

●hw+o TORPEDOES:
Oomnmder J. H. Tower%United Statw Navy, chairnmn.
Lieut. 001.V. E. Clark, A. S., A. P.

*ArRomm 00MMUNICATIOME:
Dr. MichaelI. Pupin, chairman.
Dr. Joseph S. Ames.
Dr. S. W. Stratton.
Dr. E, B. Rma.

**LANE Mh.rrrNG00WUTTBE:
Maj. Gen. George O. Squier,United Stata Army, chdrroan. -
Dr. OharIa D. WaIcott.
Oapt. J, W. Bagley,Engineer 0tlicer8’Rwerve CorW.
Carl G. Fieher.

*BmrOQEAPHYor AEEOZTAIJTfOO: .
Prof. OharIeEF. Murvin,-an.
Dr. Joseph S. Ames.

BUILDINW,LARORATOIU%ANDEQUIY~ENT.
Dr. S. W. Stratton, chairman.
Dr. Joseph S. AmeE.
Dr. W. F. Durand.
Dr. L. J. Brig.gs.

OML AmuALTumonT:
Dr. W. F. Durand, chairman.
Dr. S, W. Stratton.
Lawling@l& andJ@g routu--

Col.ELM. Bylkaby, United tit= tiJ’, chsirrmn.
Carl G. Fisher.
S. S. Bradley.
H. F. Talbott.
W. W. Montgomery.

*DEEIQN,CONSTRUCTION,ANDNAVIGATIONor AsEcwm:
Dr. W. F. Durand, chairman.
Dr. Joseph S. hes.
OommanderJ. H. Towem,United Statea Navy.
Lieut. Cul.T’.E. Clark, U. S. A. S., A. P.
Dr. A. F. Zahm, aecretsry.
Frederick Alger.
M.D. my.
J. H. Nelson.
‘A&ona& hw!rum.mta-

Dr. Joseph S. Ames,chainnm,
Omumnder W. T. Jewell, United States Navy.
M. D. HOI’EeY.““
Maj. 0. E. Mendenhall,A. S., A. P.
Dr. L. J, Brigga.

EDITORIAL:
Dr. Joseph S. &nes, clwhmm.
Dr. W. O. Sabine.
Dr. S. W. Stratfon.
Dr. W. F. Durand.
Prof. CharleEF. M.
Lieut. H. B. Luther, United StateENavy.

FRW I?smm Tmrre:
Dr. John F. Bkyford, clkrmm.
Dr. W, F. Durand.
Dr. S. W. Stratton.
Dr. L. J. Brigga.
Dr. A. F. Zalun.
Fred W. McNair.
Lieut. AlexrmdexKIemin, A. S., A. P.
Oapt. D, L. Webster, A. S., A. P.

. .
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GovmunmNT& RELA~ONS:
Dr. OhsIresD. Walcott, chsknwn.
Dr. S. W. Stratton.

*HELMomm, ORDIEEmLEWAmcmrr:
Dr. W. F. Dursnd, chairman.
Dr. llkhsel I. Pupin.
M. B. Sellers.
Dr. A. F. Zahm.
Prof. E. B. Wilson.

*NOMEWMTUESm~ AERONAUTICS:
Dr. Jmph S. Ames,chairman.
Dr. H. O. Dickinson.
Lieut. H. B. Luther, Utited Statea Navy.
Li13Uk001.V. E. OIsrk, A. S., &P.

PEBSONNEX
Dr. Joseph S. &nes, chsirrmn.
Dr. S. W. Stratton.
Dr. John F. 13%yford.

REIATIONOPAzwosmzm TO&EO1/A=L?S:
Prof. OharlesF. Marvin, ehsirmsn.
Dr. John F. Hayford.
W. R. Gregg.

*sPEa cowmmm ox ENGINEISaGPEOBmm :
Dr. W. F. Dursnd, chairman.
Dr. s.w. Strsttoi
Dr. A. F. Z&m
Dr. H. C. Dictin.
Herbart O@e.
GroverC. Loen@.

The functions of

FUNCWIONS W TKE COll~EE.

the committee are stated as follows:
First. Under the law the committee holds itself tit the service of any department or agency

of the Government interested in aeronautic-afor the furnishing of information or ssaistence in
regard to scientific or technical matters relating to aeronautk, and in particular for the investi-
gation and study of problems in this field with a view h their practicil solution.

Second. The committee msy also exercise ita functions for any individual, &m, association,
or corporation within the United States, provided that such individual, h, assoojation, or
corporation defray the actual cost involved.

Third. The committee institutes research, investigation, and study of problems which,
in the judgment of ite members or of the members of its various subcommittees, are needful
and timely for the advance of the science md art of aeronautic in its various branch=

In the folIowing general manner the various standing subcommittees of the executive
committee deal with subject matters:

(1) The subcommittee on aircdt design and associated engineering problems deals with
the general aerodynamic problems of fIight, and with the fundamental probleros of the daigg
of structures suited to realize the various requirements of the particular service required. To
assist in its work subcommittees on steal construction for aircraft and fireproof coverings for
aircraft have been organized.

(2) The subcommittee on navigation of aircraft, aeronautic instruments, and accessories
deals with problems relating to instruments and accessories required for the operation and
navigation of aircraft in general, aud further with reference to special types of military or
general service.

(3) The subcommittee on power plants for aircraft deals with problems relating to the
power plant as a whole, and with iti various immediate attachments and accessories, including
fuels and Lubricating oil. To assist in its work it has organized under it two subcommittees “
dealing specifically with the folIowing subjects:

(a) Fuel injection engines.
(b) Radiatora for aircraft engines.

—

.—

--

-—



14 /4N~AL REPOFtT NATIONALADVISOBYCOMMITTEEFOE AERONAUTICS.

(4) The subcommittee on standardization and investigation of materials deals primariIy .
with the physicsl properties of the materials of engineering comtructionj with special reference ___
to their adoption and use in aircraft construction. To assist in its work it has orgar&ed a
subcommittee on light alloys, ta deal speci5cally with ahuuinum and its light alloys.

COORDINATION OF SCIENTIFIC AND RESEARCH WOBE.

By virtue of the close contact with milit~ and naval needs afforded by the appointment
of representative officers of the Army and Navy on “the various subcommittees, and also by
virtue of direct military and naval representation on the executive committee, the scientific
and research work in aeronautics undertaken by the Army, the Navy, the Bureau of Standards,
and this committee, has been coordinated. The results obtained have been promptly brought
to the attention of all agencies interested and unnecessary duplicdion of effort has been reduced
to &minimum.

The Director of ..the Bureau of Standards has placed the facilities, personnel, and equip-
ment of the bureau at the service of the committee, ~d has requested the committee, through
direct advice, and through the immediate agency of its various subcommittee to supervise
and direct the research md investigational work on aircraft problems, carried on at the Bureau
of Standards for the War and Navy Department and the committee.

ACTIWI!IES OF THE TECHNICAL SUBCOMMITTEES.

The activitim of the subcommittees engaged on scientfic and research proble~ and the
programs for the further study of these problems are described as follows:

AIBCEAFI’DESIGNANDASSOCIATEDEXWINEEBINQPROBLEMS.

During the past year the work of the subcommittee on aircraft design and associated
engineering problems has, in the main, consisted of—

1. Investigation of designs for aircraft subniitid to the committee,
-.

2, Theoretical investigations.
3. Study of types of propellers.

1. l%unemus designs of both airplanes and &hips have been submitted to the com-
mittee. These have all been studied with care. In some cases special committees have been
formed, with the cooperation of the military authorities, for the purpose of a more complete
investigation.

ln not a few cases features have been observed which called for ~urther scientific research,
and the committee has arranged for the necessary expedients in some of the existing aero-
dynamic laboratories, generally at the Bureau of Standards. Among these investigations the
most important one, which is still in progress, is probably that of airplam having wings
arranged in tandem.

2. Several theoretical investigations have been undertaken. The most important of
these are—

(a) The Study of the Laws of Air Resistance of Aerofoilsj by George de Bothezat. (See
Technical Report No. 28.)

@) Theory of an Airplane Encountering Gusfs~ Part III, by Prof. E. B. W&on. (See
Technical Report No. 27.)

(c) The Design of Wind TunneIs and Wind Tunnel Propellers, by E. P. Warner and F, H.
Norton.

(d) balysis of Fuselage Stresses, by E. P. Wanier and R. G. MiJler.
3. The study of types of propellem has been continued atthe aerodynamical laboratory of

Leland Stanford Junior University. The laboratory itself and -theresults obtained in 1917 are
described imthe third annual report. The work of the present ye”arhas consisted in the in-
vestigation of many new types suggested, in-the main, by the military authorities.

Before stating the program of work for the coming year it may be well to outline the scope
of activities of the committee as conceived by its chairman and members. ‘This may properly
be subdivided into five groups of investigations: (1) Propellers; (2) aerofoils, or e16rn6ri~--’-”
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supporting and controlling surfaces; (3) combinations of supporting md controlling surfaces;
(4) reaction between the airpIane and the propeller system; (5) structure. Under division 1
the principal problems are as follows:

(a) Mode.Iexperiments: (1) On propeller models (single or multiple) undisturbed by reac-
tion with adjacent structures.

(2) On propelIer models (single or multiple) setup with corresponding models of adjacent
and interfering structures. .

(6) Free flight tests on full size propellers with special reference to the preceding experi-
ment.

(c) Analytical investigation of propellem in accordance with theories developed by
Drzewiecki, De Bothezat, aud others, and with special reference to development of relations
between the results found by such methods snd those furnished by direct twt, either on models
or on fulkize forms.

(d) Examination and analysis of existing experimental rssdts on propeller models with a
view to classi6cation and reduction to uniform units md modes of representation.

Under division 2 the primipal problems are M follows:
(a) Examination and analysis of existing experimental results on aerofoiI and supporting

or control surfaces with a view to classidcation and reduction to uniform units and modes of
representation.

(b) Search for forms of aerofoil or supporting and control surfacaa with specisl character-
istics, s9j for example, the minimum shift of center of pressure with change in an#e of attack.
Thh invohs both theoretical and experimental study.

Under division 3 the principaI probknns are as follows:
(a) Study of combinations of supporting surfaces with a tiew to the determination of

mutual reaction and interference.
(b) Study of combinations of supporting and of control surfaces with a view to the deter-

mination of the most tiective methods of steering and of control generally, including stability
under various conditions of flight.

Under division 4 the principal problems are as follows:
(a) The mutual reaction between a single propeller (tractor or pusher) and the adjacent

structures of the pkme (fuselage, nacelle, control surfaces).
@) The mutual reaction betwea two tandem propellers and between such a pair of pro-

pellers and the adjacent plane structures (nacelle, fuselage, control surfaces). ●

Under division 5 the principal probIems center around a study of the methods of design best
suited to meet the needs of aeronautic construction and having in view:

(a) The avaiIable materials of engineering construction.
(b) The special requirements of aircraft structure.
Under these various problems those which correspond most nearly to the present resources

of the committee, both in personnel and in laboratory equipment, are those in the first four
groups; and of these the problems of more immediate importance seem to be the following:
la (II), lb, lc, ld; 2a, 3a, 4a; 4b.

In the determination of precedence, however, judgment has been constantly exercised,
having in view the application of the problem to war conditions, and the availabla resourcaa of
the committee.

With the opening of the laboratory at Langley Field and Me completion of the new wind
tunnel in connection with it, the work of the committee will be greatly facilitated.

NAVIGATIONOF MM3BAH, AERONAUTICINSTEUMEiT~ ANDACCESSO-

A subcommittee on navigation of aircraft, aeronautic instrurnenti, and accessories was
formed in order to aid in the development of airplane instruments; but inasmuch as there were
established at almost the same time by the aviation section of the War and Navy Departments
divisions with similar duties, the work of the commitiwe has been of necessity Iimited.
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During the past year the activity of the committee maybe considered under three heads:
I. hnprovenw~ in existing inixrwwnts.-Owing to the fact that the aviation oficers of the

Army and Navy have tu= large degree handled their problems in their own organizations, it
has been only in rare cases that it was necessary to conduct independent investigations looking
to the improvement of existing instruments. The method followed has been to learn from the
military authorities the nature of the defects found to exist in the standard instruments fur-
nished the airphmes; then to ascertain if inveatigtitions were being made to remedy these
defects. In those cases where additional researches wwe necessary, proper steps have been
taken to see that these were made at the Bureau of Standards, the resources of which were
placed at the disposal of the committee by its director.

2. New inshwmmts.+onstant efforts have been made to obtain information concerning
the airplane instruments developed in foreign countries, and in a number of cases actual instru-
ments have been obtained, These have been tested, and the results, if favorable, have been
transmittal to the proper military authoMties.

Continuous correspondence has been carried on with French and British experts and
investigators in order to keep in touch with developments in Europe, mpecially with reference
to long-distance operations.

3. The great rmmber of inventions and suggestions which are received by the office of the
National Advkory Committee for Aeronautics are carefully scrutinized; and in case any prom-
ising device or method is noted, care is taken to further its development. When it is perfected,
or its usefulness demonstrated, it is called to the attention of the military authorities.

The great defect in the proper conduct of the obvious work of the committae at the present
time is the lack of facilities for testing inatrumente in actual flight and for lemming from the
aviators themselves the fade about the instruments. For the committee to work to advantage
itwill be necessary for it to have a laboratory for instrument directly attached to an aviation
field and trmnjoy certain obvious privileges in connection with the latter. This matter will be
settled satisfactorily when the laborakmy, worlmhop, and wind tunnel are opened at Langley
Field, for the hearty cooperation of the Division of Military Aeronautics is assured.

The program for the folIowing year will be hugely a continuation of that for the present
year, viz:

1, Investigations will be undertaken aimed to improv13the standard instruments which
prove unsatisfactory.

.

2, Efforth will be made to develop new instruments to meet needs as they arise or as they
may be forween. .

3. As soon w proper facilities are provided at Langley Field an independent investigation
will be begun as to proper standards and specifications for airplane instruments of all type-s.

During the current year there hai been no allotment of funds to carry on the work of the
committee, but in the near future it will be necessary to provide for the salaries of two or more
tdmical assist-anteand for construction work in the shops.

PowlmPLANTSmm AmcluFr.

IVswtyptx of awhtion en@ws,—A special subcommittee known as the fuel injection engine
committee was appointed to investigate the possibilitiesof developing an aircraft engine embody-
ing features of the Diesel or Junkers-Diesel oil engines. Some progms was made in the design of
such an engine, and the committee IMScoopemtad with a private company which is developing
a simplified form of Junkem engine for a somewhat difFerentpurpose. The possibilities inherent
in this type of engine appear so prprdising that it is planned ta continue the work on this
problem.

A novel form of scavenging two-cycle engine was brought to the attention of the committie
early in the year and appeared so promising that the Clarke Thomson Research was interested
in the problem of its development, A standard aircraft engine was altered to stit the principles
involved. The results of experimentation 8nd test, however, indicated that the inherent dif6-
cultiea were too great to justify continuation of the development in the face of the more impor-
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tant problems then requiring prompt attention. It is planned to again resume this in~estigation
in the near future, as the possible resulte are of great intmmst.

hp~ch-ging to mainhin power at altitude.—The committee has kept in cIose touch with
the severed forms of 4pparatus which are being developed for this purpose. Early in the year
a comprehensive survey was made of the various possible means for maintaining the charge
density, and it was concluded that all but one of the promising types were under satisfactory
development and that the committee could best expedite the find solution by insuring that the
one remaining intare.sting type was made the subject of intensive development. Therefore the
Clarke Tliomson Research was requested to undertake the problem of supercharging by means
of the gdar-driven positive blower of the Roots type. Test redts are not yet available. It is
the intention to maintain close cognizance of all forms of supercharging development and to
insure that the true value of every promising means shall be determined.

lmprovemnt of engine deta{b.-lhasmuch se the life of most aeronautic enginee depends
.,-

to a large extent upon the maintenance of the exhaust valves in a proper working condition
and that the principal reason for the rapid deterioration of such valves in the high tempera-

.- -.

ture at which they have to operat~, it is readily seen that the adequate control of the t-empera-
ture rise of exhausbvalve heads constitutes a major problem. The possibilities of several
suggested remedies for this trouble have been studied and experiments have been conducted
with valves of various designs and materials. It is proposed to continue this investigation
with a view to determining the best means for insuring the maximum life of such parts.

The problem of suppressing the noise of the exhaust has been studied and much experi-
—

mental work performed in the endeavor to devise a satisfactory form of muffIer for aircraft
engines. Very encouraging reeuhs have been obtained with a newly developed vortex type
of silencer.

Radiation improvement. —A very comprehensive study of the c.haracteristice of all avail-
able typee of radiatorcell construction has been made in three different types of wind tunnels.
Experimental work has been completed and reeulte analyzed to the end that the underl@g
principles of radiator deeign have bem established. In practice the problem is fundamentally
one of minimizing the power cost of unit radiation, and this investigation has resulted in sev-
eral reports which contain -pecially valuable engineering data. The effect of radiator loca-
tion on the airplane and of diflerent forms of radiator housing have dso been studied, with
some rather remarkable results. It is proposed to check the laboratory data by various free
flight tests and also to make an additional laboratory study at such points as the eflect of cell
size, dimensions, md nature of surface on the rate of heat transfer.

Carhmtor improvenwni.-A study has been made of the performance of several MEerent
types of aeronautic carburetors as mounted upon an engine in the altitude chamber. At the
same time, these and other types have been studied with the aid of a special testing equipment
which permit ted duplication of the pressure and temperature conditions encountered at all
flying altitudes. Special attention has been given to the study and evaluation of the several
available methods for compensation, in the endeavor to secure automatic or inherent mainte-
nance of correct mixture proportions under the greatly varying temperatures and preseures
encountered.

Two types of automatic carburetor control have been developed to such a point &at
their operation is superior to any available hand adjustment. A third method is now ~der
development and promises excellent r~ults. It is proposed to continue this investigation
of means for automatically compensating for altitude and to make a ,speciaI efIort to discover
meaus of compensation which w-N be inherent in their nature and therefore wiU not depend
upon mov@ parte for their fugct.ioning.,

Some time has been devoted to the sttidy of the atomization of the fuel, in the b&;f that
improvement in this direction is of the greateet importance in bettering bo~ the power output
and the thermal efficiency. The problem of satisfactorily determining the figures of merit to
be awarded to different carburetors, on the basis of completeness of atoniization in the mix-

---

turee delivered by them, is one of great difficulty and it has not been possible during the
S3TN&S.Dec.807,6~2 ,. ..—

—
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stress of the pad year to develop methods or apparatus for the measurement oihhe quantities
involved. lt is proposed, however, ta pursue this investigation as rapidly as may be possible.

Ignitiun improwment. —Methods have been developed for the mechanical and electrical
testing of those components of the ignition system which had not previo+ly received adequate
treatment. The spark plug in particular has been made the subject of exhaustive research
as to its design, materials, and operation characteristics. An extensive invwtigation has been
conducted on the effect of high temperatures upon the mechanical and electrical properties of
various ceramic and other materials which could be used for insulators. As the result of a most
careful survey of the entire field of ceramic materials, in which a very large number of new porce-
lains were made and tested, a special porcelain has been developed for spark-plug igsulato~
which is markedly superior to any that has heretofore been produced, either in this country or
abroad. The electrical, thermal, and mechanical strength of this material so far surpasses that
of the best previously available as to make this discovery one of the greatest possible importance.

The several causes of failure in spark plugs have been investigated, according to their rela-
tive importance, and temperature measurements have been made to determine the effect of
diflerent materials in the spark-plug shells.

Studies have been made of the dect of changes of prewure and temperature upon the
voltage necessaqy to insure sparking. A method has been developed for mwmring the heat
energy of ignition sparks and corresponding tests have been made upon a number of ignition
s?stmls. At the same time the character of the electrical discharge has received much atten-
tion as has also the problem of dekrmining magneto characteristics. The effect of the ~Y~mal
spark gap, and the correct design of such accessory has been made the. subject of considerable
study with a view to determining the beat design for a simplified form which would render
unnecessary any manual adjustment, in order to mcure the correct electrical characteristics
under varying conditions. The problem of determining the most effective form of electrical
discharge for =curing the greatest rapidity of ignition and flame propagation is to be further
studied as are those other problems which have been mentioned above.

Fu& and mnbuAon.-An exceptionally complete program of investigation has been com-
pleted on the performance characteristics of. a considerable number of gasolines end other
hydrocarbon fuels as developed under conditions approaching those obtaiged in actual flyipg,
but which were secured by means of the altitude chamber. W%ile the redts of this extended
investigation are largely of a negative nature, they have nevertheless been of the greate~ ilU-
portance in the settling of many questions involving supposed advantagea for fuels of extrao~
dimuy specifications or compositions. ~owever, ggr~ fu@ mixtures and chemically altered
fuels have shown extremely desirable characteristics, largely by way of prmnitting ~a~Y
increased compression prosmres and therefore increased power output and thermal efficiency,

An engine has been equipped with a new form of apparatw which will enabki the determi-
nation of absolute values of the rati of flame propagation. Ii is also expected that it will be
possible to measure the rate of combustion. It is proposed that this apparatus shall furnish
data with which to explain the differences between the performances of various fuels, aS ob-
tained in the altitude chamber, and wtich have been impossible to connect with any of the
ordinary properties of the fuels tested.

Three special gas-engine indicators have been under development,. A sensitive diap~a~
indicator with minimum inertia errom has bean constructed especially for use in the altitude
chamber. This instrument permits the recording mechanism to be operated outside the
test chamber at a comiderable distance from the engine. Records are made mechanically in
rectangular coordinate. A self-contained indicator making records of minute size in rec-
tangular coordinate has bem designed with a view to convenience of inst.alIation. NO
connection is required to the moving parta of the engine. Records of succ~ive C@S me

made in series on a transparent film and afterwards are magnified optically 100 to 200
diameters for study.

A greatly improved and simplMed form of optical indicator of the polar type has been
designed with which it is hoped to obtain preewe diagramg of great accuracy and which
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can be used in connection with flame-propagation measurements in the study of the phenomena
which occur in the cylinder of the modern aircraft engine. This work is of great importance
as determining the direction for the tqenditure of eiht in the further development of this
type of prime mover, and it is intended to carry it on as rapidly as possible.

Lubrication and luh-icm&-A preliminary study has been made of effect of varying oil
compositions upon the power output, efficiency, and operating characteristics of aircraft en-
gines as far as could be determined by the ordinary methods of conducting such tests. The
effect of the mixture of different forms of graphite with the oil has ho been studied. Thw.e
tests n-ere what might, be calIed service tests, inasmuch as service engines mre used and operated
under full load conditions on the torque stand, samples of the oil being obtained at regular in-
tervals and the change in quality noted, as well u the operating ch racteristics of the engine.

A special single cylinder aircraft engine has been fitted with means for measuring the
pressures and temperatures existing in the oil flhns at all of the important bearing points.
This equipment will provide original data of a character which has not heretofore been obtriin-
able, and it is beIieved that the very complete knowledge thus secured of the actual conditions
in the oil iilm will enable a much more accurate determinatiori of the properties required in
ods for aircraft engine lubrication.

A comprehensive laboratory study is being made of the fundamental pro@rties of lubri-
cants and new kinds of t=ts have been discovered which throw much light upon the complicated
relations existing between the mvioue physical and chemical properties of lubricants.

It is proposed to continue all of the above phases of this investigation, as much of the work
is of a fundamental nature and the results will be of the greatest importance to other fields of
lubrication as well as that of the high duty internal combustion engine.

Steam aircraft pouw pknfs.+ilthough the steam engine. was very popular during the
very early attempts to solve the problem of mechanical flight, the remarkable development of
the internal combustion engine has so greatIy surpassed that of the steam power plant that it
had been impossible for the latter to approach the results obtained by the gssoIine engine for .
the propulsion of aircraft, either from the standpoint of weight per horsepower output or thermal
diciency. At the present time, however, it is the belief of many aeronautic engineers that a
large proportion of the future commercial aircraft will be of much greater size than have so fax
been mmatructed. In the Iarger of present day long-distance bombing airplanea the total
power capacity approximates 2,OOOhorsepo~er. If steam power has any chance at all, in
competition with the internal-combustion engine, it must be in units of large size. Owing to
the long and expensive development through which the steam plant must pass and to the com-
paratively recent advent of the successful very large airplane it was impossible to undertake
any comprehensive investigation of the problem durir+g the year 1918. However, it is felt
that the subject is well worthy of the most serious consideration durihg the immediate future
and it is the intention to institute such laboratory and eT.perimentaIactivities as will serve h
determine the fundamentals required for successful steam-power plants for aircraft.

AWde ?aborato~.—l%e altitude Laboratory, the construction of which was noted in the
report for 1917, and which is more completely described in Technical Report hTo. 44 in this
report., has been in continuous operation throughout the year. Observations have been made
on the following relations, many of them in the most comprehensive and painstaking manner.

Effect of fuel composition on engine performance.
Changes of horsepower with ahitude.
Changes of horsepower with speed at different altitudes.
Performance of carburetors with varying aItitudes.
Heat distribution in engines.
Effect of supercharging.
Effect of compression ratio on horsepower at dillerent altitudes.

As all of the above work was performed in connection with one or more of the problems
above separately treated, it is unnecesssxy to repeat their discussion in this paragraph.

—.

-.
--

—
—
—

—
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The program for the future utilization of the altitude laboratory includes, in addition to
the work previously indicated, a study of the uniformity of mixture distribution in inlet mani-
folds of various types, a study of the effect of different compression ratios in connection with
specml fuels, tests, and development of supercharging devices, and analysis of a performance of
dHerent types of aircraft engines.

STANDARDIZATIONANDJNVIEJTKJATIONOF MATERIALS FORAIECRAFT.

lhring the past year the activities of the subcommittee on standardization and investi-
gation of materials for aircraft have been mainly conducted at the Bureau of Standards, and all
experimental work on this subject done at the Bureau of Standards has been under the direc-
ti~n of this subcommittee. The following is a brief description of the more important work
on this subject done at the Bureau of Standards during the past year:

(a) AhpZune wing beam. —!hts have been made on solid beams of various woods with a
view to determining their relative fitness for use as airplane wing spars. The possibility of
using laminated beams haa also been investigated. The use of built-up members will result
in the elimination of much of the waste due to the necessary rejection of much solid stock.
Various splices have been tried and recmnmendations made regarding the most successful
types. The resuh of these teds are given in Technical Report No. 35. Further beam tests
will be made on special apparatus for transverse and axial loading, thus eliminating expensive
sand testing.

(b) wing rih and wing covering8.-Ted..s of wing ribs and wing coverings of metal and
other materials are in progrees, with the object of developing fireproof wings of lighter weight
than the standard wing of fabric and wood.

(c) Impact teds .—An investigation is being made by means of impact tests of the eflect of
shocks on woods used in airplane construction. This method of testing woods for airplane
use has been given but small Cmsidmation hitherto, and the data wdl no doubt be of cmslder-
able value..

(d) ~ariable camber wing.-A variable camber wing is being developed and tasti on ribs
designed for use in such a wing have given promisii resulti.

STEELCON8TRU~ONFOIZAISCRAFT,

The substitution of steel, or other metal, for sprucein airplane wing construction has been
carefully comudered both theoretically and practically.

Theoretical and experimental work was done at the Bureau of Standards, under the dire+
tion of Mr. John Helson, by Mr. H. L. Whittemore, to whom should be credited the
conclusions reached by the committee. The committee also carried on asteneive investiga-
tions with the cooperation of the Empire Art Metal Co. at its facto~ at College Point, N. Y.

This resulted in th-e construction of two complete sets of metal wings which have been
tested at- McCook Field, Dayton, Ohio. Thwe wings consisted of steel ribs and aluminum-
alloy beams, the ailerons being entirely of steel.

These wings proved satisfactory under test both in flight and undar load, so it is evident
that a similar metal construction can be produced which will have the same strength as wood
for equal weight.

A complete technical record of the experimental work on this most important subject is
on file in the oi%ce of the committie, and the committee is at pr-ent encouraging development
along several lines by various manufacturers.

FREEFLIGHTTESTS.

The general purpose of the work of the subcommittee on free ftight tests is to obtain as
complete tests as possible of the performance, in all respects, of airplanes while in the air under
normal conditions. The general purpose of these tests is b supplement and make more valuable
the information gained from dl sorts of tests on the ground, including tits of engines and
tasta of airplane.parte and airplane models in wind tunnels. It is obvious that the actual
performance in the air, when it becomes lmowm, is the best possible basis for future progress.
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The committee now has, in a lata stage of development, instruments for recording in the
air the torque and revolutions per minute of the engine, the thrust of the propelb, the air
speed, the angle of attack, and the inclination of the wing chord to the true horizon. It is
proposed to complete this development as promptly as possible, and to get these insti. ‘-vnts
inaction in the air, presumably on a D. H. 4 airplane, to determine the power-plant performance
and the relations in the air between the lift, drag, air speed, and angle of attack.

When such tits have been sumfully demonstrated as possible, by making them, the
next steps on tha program of the committee are to analyze the results and show what conclusions
can be drawn from them.

The committee then proposes, in due time, to extend the free-flight teds b such quantities
as will help b develop the stability characterietice of airplanes, possibly to furnish some informa-
tion as to the structure of air, and also possibly to furnish information as to the stresses in
various parta of an airphme in operation.

To secure the necessary degree of accuracy and reliability in the free-ftight observations,
the new instruments have in each case been so designed es to give a continuous autographic
record.

RELATIONOF TEE ATMOSPEESZTO AERONAUTIC-S.

The functions of the subcommitke on the relation of the atmosphere to aeronautics are
aa follows:

(1) To advise in regard to those properties, characteristics, currents, winds, and the detailed
meteorological conditions of the free air which are of special importance to aeronautics and the
safety and economy of aerial navigation.

(2) To encourage the systematic investigation and observation, by means of kites, piIot
balloons, airplanes, etc., of atmospheric phenomena; and through the agency of the Weather
Bureau and otherwise to provide for the general dhsemination of advicea based upon observed
atmospheric conditions, and to assist in the application of the results of investigations to the
problems of aerial navigation.

The major activities of the subcommittee on the relation of the atmosphere to aeronauth -
have been confked to the program of work conducted by the Weather Bureau in observations
md investigations of free-air conditions.

Provisions for the derision of this work were made by Congress in an item in the &my
bill for the fiscal year ended June 30, 1918, which reads as follows:

For the estabIiehmentand maintenance by the Weather Bureau of additionid aarologfcd stations for ohxrving,
meamring, and investigating atmosphericphenomena in aid of aeronautics, fncIu@ ealarks, travel, and other ax-
penseafn the city of Waehfn@n and elaewher~ $100,000,to be expended under the dfraction of the Secretary of
Agriculture.

Prior to this time the Weather Bureau for a number of years had conducted fre+air observa-
tions at Mount Weather and more recently at a central station at Drexel, Nebr. Under the
above act, additional aerological stations were established at Broken Arrow, Olda., EJlendale,
N. Dak., Groesbeck, ‘I&., Leesburg, Ga., and Royal Center, Ind. This distribution is as
favorable as possible with the Iirnited number of stationa to secure observations of free-air
crmditiona over a Iarge portion of the country. lhstallation of equipment has been completed
at the EIIendale station, and free-air observations were begun in December, 1917.

Much delay has been experienced in securing the equipment required for these stations,
this equipment inchdin.g special motor-driven kite-reeling apparatus installed in a shelter
mounted on a circular track somewhat after the fashion of observatory domes of small
dimensions. NevertheIeas, encouraging progress has been made, and at the present date obser-
vations are actually being made at the stations at Drexel, Ellendale, and RoyaI Center. Hand
flights have been made at Broken Arrow for two weeks and have just been begun at Groesbeck,
pending the arrival of suitable motors.

The data thus obtained include observations of atmospheric pressure, temperature,
humidity, wind direction and velocity, cloud altitude and movement, and, at Drexel, electric
potential. Daily t&graphic reports of ccmditions at one or more selected levels have been sent

--
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to the forecast ceuter of the bureau at W&J@@m;D, C., on all days when flights were made.
At Drexel, in addition to the daily flights, series of observations covering a period of about 30
hours have been made -whenever conditions were favorable. The data thus obtained enable
the Weather Bureau to foUow in considerable detail the diurnal changes at different iltitudes.
In alI, 478 observations have bmn made from July 1, 1917; to June 30, 1918. Of these, 134
were made in. 18.diilerent series, the remaining 34.4 being made as daily observations. The
average altitude reached in all flights was about 3,oo0 meters. At. Elhmdale 163 f3ightswere
made from &erab.er 17, 1917, LoJune 30, 1918, the rneti altitude being about 2,400 tieters.

PuNicutiom.-Continu@ the regular practice of the Weather Bureau, the data collected
from the serological stations are published as promptly as possible.in the form of quarto supple-
ments to the Monthly Weather Review”. At the present date these comprise seven, namely,
AeroIogy, Nos. 1 to 7, inclusive, and include data from Drexel and Ellenda.leup to March, 1918.
The data for April to June, 1918, are at the printer’s, and still more recent data are now nearly
ready for the printer.

In its purpose to render the gretitest possible assistance in the \igorous and succemfuI
prosecution of the war, the Weather 13ureatihas tiooperattid with various branches of tho
United States &my in the following ways:

... .

1. Papers on “Meteorology and aeronautics,“ “Mean values of free-air btirometric and . .. .
vapor pressures, temperatures, and densities omr the United States,” and “The turnirg of
winds with altitude” were prepared and publishad and copies have been furnished for tho

—

information and use of the aviation and artiLlerysmvices.
2. Numerous requests have been made upon the .4erological Section of the Weather Bureau

for specific information relative to atmospheric conditions in connection with aviation,
artillery probhxus, and for other purposes, both in the United States and in Europe.

3. Instrumental equipment, inchdng kite meteorogmphs, has been supplied for the um of
the American Expeditionary Forces, the British Ad”ihiraIty,etc. Assistance has bean extended
to the subcommittee on free-flight tastsin supplying from the h@rument shops of the Weather
Bureau certain mounted clock movements for recording instruments nee@d .in those tests,
including the loan of a special pair of recording theodolites.

4. In connection with special ~perimental tests temporally field statiorh have been estab-
lished and kite flights made at Ellington l?ield, Tax,, Potomtic Pink, Washington, D, C., and
Aberdeen Proving Groundsj Md.

In order to permit of flying kites without interference in aviation work it has been necessary
to locate the serological stations of the Weather Bureau elsewlitirethan in the immediate vicinity
of aviation camps. In order, however, to provide for the local needs of aviation and othar

. militaryrequirements,cooperation with the meteorological section of the Signal Cmpshas resulted
in the establishment of about 25 meteorological and piIot balIoon stations at properly selected
military camps. The work at these stations under military direction consists chiefly of observa-
tions of surface meteorological conditions, wccompfinied by theodolite observations of the ._
flight of small rubber hydrogen-inflated pilot balloons. The obsenations with such balloons,
when properly reduced, give the path of the balloon in the free air and thus reveal the general
horizontal motions according to the rdtitudeof the balIoon. Under proper conditions of inflation
the rate of ascent of the balloon is more or 1sss accurately known, and the observations also
afford some indication of the up-anddown motions in the atmosphere, as well as the horizontal _
motions, notwithstanding the steady ascent of the balloon.

Arrangementabetween theScience andResearchDivision of the Signal Corps and the Weather
Bureau have been perfected, whereby a sm~ group of men are &gaged in reducing and com-
puting the results of the measuranegts of pilot bd.eons, and it is p~annedin the near future to
begin the distribution of systematic reports of the atmospheric motions obtained from these
pilot balloons. To make this information immediately available, the observations from the
balloons must be telegraphed, but this has not as yet been undertaken, and the results reported
by mail are necessarily for conditions some days prior to the”date of publication, It is believed
that from observations of this charactar much useful information can be given concerning the
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free motions of the atmosphere in different sections of the country, and the stations have been
located with a view to making this information most vaIuabIe in cunnectioti with cross-count~
flying along lines of civil aerial transport which have already been in a measure agreed upon.

The program of the subcommittee on the relation of the atmosphere to aeronautics is to
continue lines of work already started and in operation. The most important of these me:

(a) AeroZ.o@al oherwtiona at Weather Bureau 8fath.—Dai1y observations are made of
free-air pressure, temperature, humidity, wind and cIoud conditions at six favorably distributed
stations. This work is conducted by the United States Weather Bureau under appropriations
for that purpose. The stations are Broken Arrow, Okla., Drexel, Nebr., Ellendale, N. Dak.,
Groesbeck, Tex., Leesburg, Ga., and Royal Canter, Ind.

(b) Pilof-ba71aonoheiwcdions at militay afaiions.-Dai1y observations are made of free-air
wind conditions by means of small pilot balloons whose positioos and motions are observed by
theodoIites. This investigation is conducted by the Science and Research Dhision, United States
Sigrud Corps, at about 25 military training camps distributed ov& the United States from the
Rocky Mountains to the Atlantic coast. In cooperation with the United States Weather
Bureau, pilot-balloon soundinga are made tdso at five of i@ serological stations.

The objects of the work described above areas foIlows:
(1) To make the data obtained immediately available for the information and assistance

of all interested therein, such as (a) meteorologists, (b) aviators at training fields and those
engaged in cross-country flying over the transcontinental mail or other aerial routes, (c) the
Army and Navy for artillery ser-rkee, and (d) pilots over the proposed trans-Atlantic route
from Newfoundland to Ireland or betwecm other points.

(2) To summarize, study, and publish the data obtained for the purpose of furnishing
reliable information as to average free-air conditions of pressure, temperature, humidity, den-
sity, and wind direction and velocity by months and seasons, under different types of pressure
distribution at the earth’s surface and in different parts of the country.

(3) To conduct speckd studies of atmospheric phenomena which are of particuhm interest
to the aviator, as, for example, (a) air movements in tlm.nderstorms, (b) height and thickness
of cloud layers in difbrent parts of low-pressure mess, (c) amount and verticaI extent of con-
vection, and (d) @tb* of fi~.

(4) To encourage the fuller development of the systematic use of airplanes as an aerial
apparatus auxiliary to kites and balloons, by means of which meteorological conditions in the
free air msy be observed and measmred.

—

—

QUARTERS FOR COMMITIWE.

During the iiscal year ending June 30, 1918, the adtistrative office% of the National
Advisory Committee for Aeronautics were 10wti in rated quarters in the Munsey Building,
wmbington, D. C. The technical work of the committee, performed largely by or under the
direction of the various subcommittees, was carried out in various Iaboratoriea and shops
belonging to the Government and ta university of lea whose facilities for scientfic
raearch were placed at the disposal of the committee.

The sundry civil act making appropriations for the fical year 1919, approved July 1, 1918,
contained the folIowing provision ~ referen~ h quarters:

ProtiieJ, That the Secretary of War ie authorizedanddirectedto furnishofficespaceto the lfationdAdvieory
Committ& for Aeronauticsin gowrmnentsl lmiIdingeoccupied by the Signal Corpe.

In accordance with the above provision of law, the Bureau of Aircraft Production of the
War Department allotted sticimt space to the cotittee in Building D, Fourth Street and
Missouri Avenue NW., Washington, D. C., and this apace was occupied by the committee on
July 1, 1918. The location h the fourth ~, second floor, i..mmediatily adjoining the offices
of the Director of the Air Service, Mr. John D. Ryan. It is befieved that its prwmut location
between the Bureau of Aircraft Production md the Division of Military Aeronautics is most
appropriate for the conduct of iti own work md b aid ~ eflec@g close Woperation of *ort
on the part of the military agencies in matters under the cognizance of the committee.
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THE RESEARCH LABORATORY.

The research laboratory located at Langley Field, Vs., has bean completed and equipped
to undertake certain types of research work on aerodynamica-problems and aeronautic instru-
ments. Tests of the performance of airplanea in free flight will also be carried out at Langley
Field.

The original purpose in the establishment of Langley Field by the War Department was
to provide an experimental flying field and proving ground for aircraft. During the war the
field was used primarily as a training school for aviatora, but ifi is contemplated thtit after the
war it will be fully developed in accordance with the original plan.

WIND TUNNEL.

AS a part of the equipmegt for scientific researg~, the committee contractefl for the. CO~-
struction of a wind-tunnel building on the same plot of ground allotted to the committee by
the War Department for the canduct of its general activities at Langley Field.

The wind-tunnel building is of brick and steel construction, 42 feet wide, 90 feet long,
and 30 feet high. It will house a 5-foot modified Eiflel type wind tunnel which has been designed
to provide for lmmning the diameter of the wind stream to 30 inches for high-velocity investi-
gations. Whcm operating with the 5-foot section, the& stream is left open across the operating
room, and when operating with the 30-inch section, the stream is inclosed as in the ~ationd
Physical Laboratory type of tunnel.

The wind tunnel proper will be equipped with a thrust torque dynamometer for propeller
investigations and for determining the eflect of ths fusel~q form upon propeller ethkmcy;
also an aerodynamic balance for making accurate measurements on aerofoils. Both the balance
and the dynamometer will be suspended from an overhead platform down into the wind stream.
In each case the observer will work above the platform. Power will be suppLied to the wind-
tunnel propel@ by a 260-horsepower, direct-current, variablespeed motor which will be oper-
ated by a 250-kilowatt synchronous motor generator set, with special arrangements for.. speed
control and regulation.

The wind tunnel is designed for air velocitiw up to 130 r.nilea per hour with the 5-foot
section and for 200 or more miles per hour when using the 30-inch section. Important research
problems will be undertake as soon ~ the building and appara@s are completed.

As reported in the third annual report, it is contemplated that an additiomd wind-tunnel
building and an engine-testing shed will be required in the near future.

OFFICE OF AERONAUTICAL INTELLIGENCE.

In January, 1918, the need for a central govermntmtal depository in Washington for
Scientific and technical data relating to aeronautics was recognized, and thdircraft Board
suggea$ed that the ~ational Advisory Committee for Aeronautics was the logical govermnental
agency for the collection and classification of such data to be made available to the military
and naval air services in this country. This commitme accordingly established an office of
Aeronautical Intelligence and adopted mlea and regulations for the handling of ita work.

The cummittee has made the necessary arrangements at home and abroad for the collec-
tion of such data. There are many sources of obtaining such information, the chief at the
present time being the research information committee, organized under the National &search
Ckmncil in January, 1918, by funds provided by the Council of National Defense. It consisted
of the Director of Military lntel.ligence, Director of Naval Intelligence, and Dr. S, W. Stratton
as chairman.

The purpose of the research information committee is to serve as a collector and distributor
of scientific and teohnical information regarding all war problems. Special committees stat-
ioned at London, Paris, and Rome collect information regarding all phases of the scientific
and t.achnical study of war problems and transmit” the same to the central committee in Wash-
ington for distribution to the interested servicm. Similarly, these special committees receive
information from Washington and transmit the sanM @ the ~terested services abroad.
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Since February, 1918, Dr. W. F. Durand, chairman of the National Advisory Committee
kmAeronautics, has served as scientific attach6 to the &nerican Embassy in Paris, representing
the Natiomd Research Council on this research information service, and has, in addition, acted
as special representative of the Aircraft Board at the International Aircraft Standardization
Conferences in London in February and in October, 1918, besides serving as a special liaison
officer in aeronautical matters between France and the United States.

In September, 1918, Dr. W. C. Sabine, head of the department of technical information
of the Bureau of Aircraft Production and a member of the National Advisory Committee for
Aeronautics, was placed in charge of the OfEiceof Aeronautical Intelligence of the National
Advisory Committee for Aeronautics, with the title of director of scient~tic and technical
data.

Many valuable documents dealing with important research problems in aeronautics have
been secured by the Office of Aeronaut.hl Intelligence, and copies have been distributed to
those concerned with the problems involved.

The committee has established in connection with its Office of Aeronautical Intelligence,
and particularly for the use of its engineering stafl, a small selected library, containing the most
useful and vahmble aeronautical and technical books and publications.

THE COMMITTEE AS AN J3fPABTIAL AGENCY FOE THE SEI”HJMENT OF DISPUTES.

During the past year the committee has served the War and Navy Departments in the
oapacity of an impartial agency for the settlement of disputes betw- contractors or private
parties on the one hand and the War or Navy Department on the other in matters where tech-
nical questions have been involved. In each case in which it has been requested to act the com-
mittee has appointed a special subwnnmittee to investigate and submit report and recom-
mendation. The more pmfient CaSW hmdled by the committee during the past year are:

First, the dispute between the War and Navy Departments on the one hand and the
Kessler Motor Co. relative to the degree of compliance by the latter with the technical provi-
sions of a contract for the development of experimental aircraft engines.

Second, the controvemy between the War Department and George Norman Albree et al.
over the merits of the Albree monoplane.

Third, the case of the contract with the Glenn L. Martin Co. for a large bombing plane
with a smaller pilot plane fastened to it in such a manner as tn automatically control the larger
plane and direct its course after the small pilot plane has been relesee~ the largar plane to carry
and automatically release a large bomb of the type invented by Lester P. Barlow, upon whose
suggestion the experiments were made. A contract had already been completed, entailing
the expenditure of $15,000, and a controversy arose over the advisability of placing a further
contract involting S150,000. In this case the committee, after careful consideration, recom-
mended that contract be not placed, since the military value of the machine did not justify
its use.

AEtOIW?TPBODUCI’ION.

During the past year the National Advisory Committee for Aeronautics has not undertaken
to function on the problems connected with aircraft production nor in the framing of the air-
craft program. ThW matters have be~ under the jurisdiction of the War and Navy Depart-
ments, respectively, and their problems have been coordinated in an advisory capacity, fit,
by the Aircraft Production Board and later by the Aircraft Board.

THE OLABKE THOMSON BESEABCHs

The Clarke Thomson Research was founded by Mr. CXarke Thomson of Philadelphia, Pa.,
on September 23, 1916, for the purpose of aiding the advancement of the science of aviation.

In the latter part of the year 1917, Mr. Thomson tendered the facilities of the Clarke
Thomson Research to the National Advisory Committee for Aeronautics with the rwpest
that the National Advisory Ocmunittee direct the further activities of the research:
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The activities of the research previous to that time may be summarized as follows:
1. A resewch on the possibilities of the steam power plant for aeronautical purposes,

the results being published in a report “ Steam-power plants for airplane,” by J. G. Dudley.
----

2. The investigation of the possibilities of the gas turbine as a power plant for airplanea,
Inherent difficulties involved in the constructionmf the gas, turbine seemed to eliminate this
device as a power plant for airplanes.

The first prohhrn presented to the research by the advisory committe~ was the applica-
tion of the Nutting 2-cyc]e air-scavenging princip]e to some existing engine, in order to test
and determine the possibilities of this particular type of engine. The research redesigned
and reconstructed a Dusanberg 4-cylinder 16-v’alve .rtircrafteDgine to operate on the Nutting
2-cycle air-scavenging principle, After construction, this engine was tested by the power
plants committee at tho Bureau of Standards. The r~ults of the experimentidicated that
the inherent difficulties wero too great to justify continuation of tho development when the
more important problems requiring prompt solution were considered. It is planned to resume
this inwmtigation in the near future, as t.ho possible results ~.reof great interest.

In connection with tho problem involving exhaust-gas scavenging, the research COU- ‘ “
ducted experiments of the flow of iir through poppet valves. A model on a .Liberty engine
cylinder was constructed, and experimental data dealing particularly with the merits of inlet
valves, singly and in pairs, was obtained. The result of this experimcmtal work is found
in Report No. 24 of the National Advisory (lommittce. for Aeronautics, ontit.led.“Air flow
through poppet valves.”

SCLENCE AND RESEARCH DIVISION.

ln the latter part of the year 1913 the committemtated in a letter to the l?irectir of tie ..

Air Service of the by that there was need for greater coordination o.f the scientific and research
work in aeronautics, and that in order to render e.ffectivo the work of the division of science
and research, established by the Signal (loq]s and later transferred to the Bureau of Aircraft
Productionj it was believed desirable to reorganize the division of science and research.

‘I’he committie recommended that that portiotiof the work of the Bureau of Aircraft
Production and of the llivision of Milit my Aeronaut ic.s, which was then under the direction of
the divtilon of science and research of the Bureau ~f Aircraft Production, he organized under
a separah division under the Bureau of .kircraf t Production, with a directur in charge whose
entire interesb were cmnected with and who could give his entire time to the work of the
Air Service of the Army. The eflwt of this was a separation .of the science and research work
of the Air Service from the science and research work of the S@Ml Corps.

AIR MAIL SERVICE.

Ih March, 1918, the committee invited the attention of the Secretary of War tA the fact
that Congress had authorized the Post Office Deptmtfient to establish an experimental air mail
service and had made an appropriation of $100,000 for the purpose, and that under the then
existing conditions practically all aircraft manufacturing facilities in the thited States were being
utilized by the War and Navy Departments, and all capable aviators were in the milittiry or
naval air services.

The committee also statwl that iu view of the further fact that it was exceedingly desirable
that Army aviators be regularly and systematically trained ip long-distance flying, it would
appear to be to the advantage of the War I)epartrnent and of the Government genarally that
military airplanes and aviators he used to render practical and effective service to the Nation
by assisting the Post of%ce Department, and recommended that active cooperation be estab-
lished between the Air Service of the Army and the Post Ot%co Department in connection with
the proposed experimental air mail service between Washington, I%iladelpbia, and New York.

The air mail .servico was SUNWSSf~V inaugurated, with the cooperation of the War

Department, and in the opinion of the Na~ional Advisory Committee for Aeronautics the prac-
ticability of such service has been suf%ciently well demonstrated since its inmgurtition h
justify its extension generally.
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CIVIL AERIAL TRANSPORT.

With the cessation of hostilities, the committee promptly took up questions relating to
civiI and commercial uses of aircraft after ths war. The great developments in and achie-ve-
ments with aircraft during the past few years, due to the stimulation of war, indicata that the
civil and commercial uses of aircraft in the future maybe considered to be practically urdimitad.

The committee btdieves that Federal legislation should be enacted governing the navigation
of aircraft in the United States and in@ding ths Iiwmsing,of. piiott+ inspection of ma-chines,
uses of landing fields, etc. The committ~e has brought this subject to the attention of the
heads of the War, Navy, Commerce, and Post Office Departments, snd suggested that repre-
sentatives be appointed to confer with the committee &th a view to studying the problem and
recommending the general terms of Iegidation designed to most effectively encourage the devel-
opment of aviation in the @ited States, and at the same time h guide the development as far
as practicable along such lines as wi[l render immediate and effective military smvice to the
Nation in time of war.

ELECTROMAGNETIC SITW3HRONIZER FOR AERONAUTICAL MACHINE GUNS.

An in-vestigation of the subject of synchronizing geara for mpchine gym to be used in
connection with airpkmea has been carried on in conjunction wi~h the staff of the Bureau of
Standards; and an electromagnetic synchronizing gear has teen evolved which wiII perform sIl
the functions of the hydraulic and mechanical gears and with an efficiency fully as great. . It
has certain marked advantages, such as flexibility of mounting. ‘Ilk will enable the machine
gun to be travermd on a horhmtal plane, while at the same time being maintained in perfect
synchronism.

VENEER WING CONSTRUCI’ION.

Sand loading &d other tests made by members of the committee’s technical staff. on an
experimental airpkme built by the Carolina Aircraft Co. revealed the utility of wood veneer in
wing construction, not only for ribs but also for the actual wing covering. It was found that
the internal drift wires may be eliminated and the same weight per square foot of surface
obtained as in the ordinary wing. The matter was reported promptly ta the Bureau of Aircraft
Production and attention inviixd to this method of wing construction as offering a possible
means of cheaper and mo “e rapid production of aircraft.

AIRPLANE MAPPING CAMERA.

Through the direct efforts of the airplane mapping committee, a triple lens airplane rn~pping
camera was developed which was brought promptly and personally to the attention of the
proper by and Navy office~, and the camera itself turned over to the Geok@al Survey at
its request. In the hands of the oiiicials of this survey it has already proved to be of inestimable
value in making topographical surveys.

AIRCRAFT-ENGINE FUELS.

During the past year Mr. A. J. Paris, jr., of Charleston, W. Vs., tendered to the committee his
services as an inventor and the w of his experimental station at Charleston, consisting of a gas-
enginedriven gas-compressing plant, miniature oil refinery and laboratmy for investigation of
aircraft-engine fuels. On recommendation of the committae tmd by order of The Adjutant
Gmeral of the Army, his brother, First Lieut. W. F. Paris, 102d Trains and M. P., 27th Div.,
U.S. A., was detailed with the committee and was assigned to assist with t% problem. “

Research and experiment have been conducted by Massrs. Paris at Charleston, in full
cooperation with, and under the direction of the National Adv@y Committee for Aeronautics,
the expenses bebg borne by them. The subjects investigated during the past year are as
follows:

1. Gasoline direct from crude petmle~ ~thout st~; cle~ed wit~ut. me of ?cid or
alkali. “

.
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2.
3.
4.
5.
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.Firetdistillateor crude bcmzine, cleaned, and purihd without the use of acid or alkali.
Natural neutral gasoline.
Increased yield of straight pmai%n gasoline from crude oil.
Separation of gasoline from crude oil by mechanical means.

Quality samples of pure paraflin gasoline-from crude oil were completed and delivered in
July, 1918, and these were referred to the subcommittee on power plants for test at the
Bureau of Standards. The object of these investigations has been b produce a superior product
and at the same time increase the proportionate yield of this superior grade of gasoline for
aircraft and also reduce the cost of production, This work is described in detail in Iteport
No. 42, showing the nature of the tests and the degree of success achieved. .4

EVOLUTION OF AIRCRAF’1’ ENGINES.

The first man-carrying-airplane flights were made in Decemberj 1903, with the Wright
Brothers’ engine, developing 12 horsepower and weigtig 152 pounds, or 12.7 pounds per horse-
power. In 1910, seven yems later, the average horsepower of aeronautic enginw had increased
to 64 and the weight decreased ta 5.7 pounds per horsepower. In another seven yearn, 1917,
the average power output had adwmccd to 240 horsepower and the weight lowered to 2.8
pounds per horsepower. At the end of 1917 the Liberty-12 developed 400 horsepower for a
weight of 800 pounds or 2 pounds per horsepower. Continuous progress in development enabled
the Liberty-12 to yield a maximum of 510 homepowm for a weight of 875 pounds, or 1.71 pounds
per horsepower, by the end of August, 1918.

The accompanying table, as also the curw sheet, shows the advance in the average &axi-
mum power-weight ratio by years for tho engine in actual flying service. It is to be especially
noted that the Langley-Manly engine was 9 years ahead of its time in the matter of power
output snd 16 yearn ahead in weight per horsepower ratio.

It may also be noted that at the end of 1917 the Liberty-12 was 65 p& cent more power
ful and 28 per cent Iightar per horsepower than the average in service for that year. By
September 1, 1918, these figures wero changed to appro.ximatdy 50 per cent and 25 per cent,
which indicate the superiority of the Liberty-12 over the average engine in service at that time.
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The average consumption of fuel decreased from about 0.80 pound per horsepower in 1903
to about 0.65 ~ound in i914, since whioh it has slowly dropped-to 0.5~ pound ‘h 1918, and,
for the Liberty, to 0,50 pound. The present minimum Liberty consumption is approximately
0.46 pound per horsepower hour.

The lines on the curve sheet show the average values obtained for these several variables
during the same period M is cowrcd by the table. The points indicated by small circles repre-
sent the characteristics of the Libert,v-12. No to “particularly the lower weight per horsepower a~
compared with the curve showing average practice. & further ihstrating the advance madg,
it is interesting to note that in 1913, the Wolseley company could only obtain 147 horsepower at
1,400 revolutions per minute from eight cylinders, 5 inches bore by 7-inches stroke, or 18.375
horsepower per cylinder. This is the same cylinder size as used in the Liberty, which now gives
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42.5 horsepower per cylinder, 2.3 times the power per cylinder obtained in the V701seley. Even
if we reduce the Liberty results to the same speed M the Wolseley, 1,400 revolutions, the Lib-
erty stilI represents a marvelous advance, for at that speed 378 ho~epower are developed, or
31.5 horeepomr per cylinder. Moreover, the WoIseley weighed 4.9 pounda per homepower as
compared with 2.3 poundq for the Liberty at the same speed.

Regarding future accomplishments, the tendency of the curve showing the might per
horsepower h such as to indicate that the average of aeronautic enggneawill not attain the
present high power weight ratio of the Liberty-12 until some time in 1921, which would indicate
that the Liberty may be supposed tn be two years in advance of the state of the art.

Edof )&z-

AERONAUTICAL INt’ENiIONEL

During the past year, his Comrnitke h~ handl~ appmfiat~y 7,OOOiuv~tions and sug-
gestions in the field of aercnautim. A great many of these have been referred to this committee
by other departments of the Government, such as the Bureau of Standards, tl~eAirmaft Board,
and the War and Navy Departments.

‘I%e inventions received have been of the following nature: Light+w-than-air craft (balloons
and dirigibles); heavier-than-air craft (ornithoptere, helicopters, an-planes); motive power; pro-
pellers; offensive devices.

Under the subject of airplanes there have been numerous suggestions relative to improve-
ments in the various details, such as controls, fabrio, instruments, parachutes, stabilizers, wings,
coloring, and fireproofing solutions.

Under the subject of motive power there have been many suggestions relative to steam and
combustion engines, and various improvements to the latter.

Under the subject of combustion engines, there have been many suggesting and inventions
relative to both fixed and rotary engines and turbines; and under engine parts suggestion
relating to mufElem, carburetors, ignition, fuel tanks, starters, radiators, valves, etc.

NTumeroua suggxtions have been received having to do with ~arious forms of air propellers,
both fixed and variable pitah, and constructed of both wood and metals.

Another field for the inventor is that of offensive devices for use in connection with aircraft.
Under this heading the committee has received suggestions relative to both incendiary and ex-
plosive bombs, together with means for dropping them; also chemicals and other forms of offen-
sive devices.

‘lXe great majority of the suggestions and inventions received are obviously of an imprac-
tical nature. Several, however, have seemed worthy of further consideration and have been

.-
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referred to military or naval experts. Such r.uatten+ have been followed up and specific reports
obtainod in each case. The inwmtor is invariably thanked for his patriotism in submitting
his device for the use of the Government. .,

In addition, a large number of suggestions and inventions of minor importance have bea
recommended to the War and ~a~ y Departments for their further consideration. In all cases,
every invention and mggmtion has received immediate attention.

A small percent.age of the inventions have been deemed worthy of serious action after
having been carefully considered. These are listed below:

1. Inetrurhent td prevent exc&#“tianeveraestre f.nan airplane engine, This waegiven full tils at 31cCook
Fielcf,and at the navy yard, Weehingkn, ~. C.

2, Multftandera triplane system of aerofoil arrangement. This mreent was deeignad to enable the carrying
of great loads without grant increaae in the wing span. M WMthought necmqy to make wind tunnel taeta upon the
basic principle involved. These have been ccnduct~ at the navy ~d wind tunneL

9. A two-cycle air mavengd inter~ cornbuetion e@ne. ‘l&a .yae carefully invedgated and experimented
upon, but was not found suitable for the immediate needs of military aeromutia.

4. A magneta having the well-known Bosch characteristi?e but with several ingenious hprovemcntn in mechan-
ical design was submitted to careful laboratory t-eats. The WUftwturcx is building a supply for eervfce teats.

6. A de+p of variable camber steel rib intendci.1 to serve as part of one of the tinge of i bipfane or triplane with
the remsining wings of tied camber. The use of such a device will materially increase the speed range of m airplane.
Extensive tests of a mechanical nature have been carried out on h construction with very hopeful results.

In July, 1918, the War Department established an inventions section of the General Staff .
and issued instructions to all branches of the War Department to forward all kventiom includ-
ing those pertaining to wronautics to the inventions section, This action ~as served tn relieve
the committee of the duty of prelimina~ examination of a large number of inventions and sug-
gestions without value. Cooperation with the inventions section has been ,established, whereby
allinventions dealing with aeronautical subjsctwvhich, after preliminary examination, are deemed
by the inventions section worthy of further consideration are referred to this wmmittee. Other
departments of the Government, however, have continued referring aeronautical inwmtions and
suggestions to this committeo direct..

TECHNICAL REPORTS.

The first annual report of the commit-tee contained @chnic@ reports Nos. I ta 7; the second
annual report, NOS. 8 to 12; the third annual report, Nos. 13 to 23. With this, the fourth annual
report, the committee submits technical reports Nos. 24 to 50, as follows:

Report No. 24, entitled “Air Flow through Poppet Vtilves,” was prepared by the Clarke
Thomson Research and contains tho results of investigations made by G. W. Lewis and E. M.
Nutting, of the CIarke Thomson Research. Some of the new ideas ,to which attention is called
in this report have already proved of great value in the gas-engine industry.

Report No. 26, entitled “Nomenclature for Aeronautics,” is a glossary of words used in
connection with aeronautics, adopted by this committee in October,, 1918. This nomenclature
has also been adopted by the War and Navy Departments. It was preptired in cooperation with
a committee engaged upon a similar undertaking in Great Britain. & a result this nomencla-
ture is in substantial agreement to the one which has been adopted by”the aeronautical author-
ities of Great Britain.

Report No. 26, entitled (‘The Variation of Yawing Moment Due to Rollingj” by Prof. E, B.
Wilson, of the Massachusetts Institute of Technology, is a contribution to the study of airplane
stability concerning a point about which much discussion has arisen.

Report No. 27, entitled “Theory of an Airplane Encountering Gu,ts, HI,” by Prvf. E. B.
Wilson, of the Massachusetts lkstitute of Technology, is the third of a series of papers on this
subject, the two previous papem having appeared in the first and third annual reports of the
committee.

Report No. 28, entitled “An Introduction to the Study of the Laws of Air Resistance of
Aerofoils/’ by Dr. George de Bothezat, of the technical staff of this committee, is a memoir
dealing with the flow of air around aerofoils and the laws which may be deduced mathemati-

..-
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tally for this condition. Numerous new ideas are evolved, and the author has made great
progress over the existing knowkige of the subject.

R&port No. 2.9,entitled ‘The ClenerslTheory of Blade Screws,” by Dr. George de Bothezat,
of the technical staff of this committee, gives an entirely new treatment of the theory of the
principles governing the action of a screw com&t@ of blades, such as -we have in propellers,
fans, etc. This theory is developed extensively. The methods are described with careful dratv-
ings, so that one should be able to design propellers for any specitlc purpose. This contribution
to the science of aerodynamics is most notable.

Report No. 30, ”entitIed “Experimental Research on Air Propellem, H,” by Dr. W. F.
Durand and Prof. E. P. Lesley, is a continuation of Report No. 14 on the same subject published
in the third annual report of this committee, and has been prepared by Prof. E. P. Lwley, of
Leland Stanford, jr., University. It states the rwn.h of investigations made upon numerous
propeller models at request of this committee and affords wduable data to those interested
in the desigg of air propellms.

Report No. 31, entitled “Development of Air Speed XozzIes,” by Dr. A. F’. Zdun, of the
department of construction and repair, navy yard, Washington, D. C., .! member of the
subcommittee on navigation of aircraft., aeronautic instruments and accessoms.

Report No. 32, entitIed “The Airplane Tensiometer~’ by L. J. Larson, of the Bureau of
Standards, describes a new instrument for the purpose of meamring the tension in airplane
wires and cables.

Report No. 33, entitkd “Luminous Matmials,” by Dr. N. E. Dorsey, of the Bureau of
Standards, gives for the fit time, in complete form, all the data necessary for the specifications
of huninous materials in connection with vmious instruments, especially those used for aero-
nautic.

Report No. 34, entitled “Aluminum and Its Light Alloys,” by Dr. Paul D. M.erica,of the
Bureau of Standards, is a summary of the publications by the Bureau of Standards on this
subject dur@ the past year.

Report No. 35, entitled “The Strength of One-piece, Solid, Built-up, and Laminated Wood
Airplane Wing Beams;’ by John H. Nelson, of the Bureau of Standards, describes an experi-
mental investigation on the relative strengths of beams when solid, built-up, and laminated.
This report has already pro-red of great value in the airplane industry inasmuch as the results
have been widely disseminated.

Report No. 36, entitled “The Structure of Airplane Fabrim,” by E. D. IValen, of the
Bureau of Standards, is a most complete discussion of the methods used and the results obtained
in testing linen, silk, and cotton fabrics. The results of this inv=tigation have been made known

. from time to time to the military authorities of both services, and the great progress made m the
United States duriug the past year in the production of airplane fabrics is directly due to the
success obtained in securing proper cotton fabrics as de-scribed in this report.

I?eport No. 37, entitled “l?abric Fastenings,” by E. D. V7alen ad R. T. Fisher, of the
Bureau of Standards, states the results of a careful investigation upon the proper methods of
attaching fabrics to airplane wings. The methods recommended in this report have been
adopted by the military semicm.

Report No. 38, entitled “Airplane Dopes and Doping,” by W. H. Smith, of the. Bureau of
Standards, k a most valuable statement of the difficulties in the preparation of dopes and of
the meam which have been taken to overcome them.

Report No. 39, entitled “The Testing of Balloon Fabrics,” prepared by Junius David
Edwards and Irwin L. Moore, of the Bureau of Standards, deals with the wwioue methods by
which balloon fabrics may be tested and gives a criticaI diaoussion of the relative vilues of these
tests fi=oma practical standpoint..

Report No. 40, entitled “The Ferrosilicon Process for the Generation of Hydrogen,” is a
series of three papers prepared by the staff of the Bureau of Standards. Their titles and authors
are as follows: “Generation of hydrogen from ferrosilicon and sodium hydroxide,” by E. R.

—..—
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Weaver, W. hf. Berry, and V. L. Bohnson; “The tiect of the presence of sodium carbonate on
the generation of hydrogen from fermsilicon and sodium hydroxide,” by E, R. Weaver and
B. D. Gordon; ‘‘ Tho use of lime in the generation of hydrogen by the use of ferrosiIicon,” by
B. D. Gordon. This report gives a valuable summary of the details of the ferrosilicon process
and a critical examination of the means which are necessary in order to make the process
Succesful.

Report No. 41, entitled “Testing of Balloon Gas,” by Junins David Edwards, of the Bureau
of Standards, k a description of a simple, portable apparatus for testing hydrogen, with special
reference to ite use in balloons.

Report No. 42, entitled “A New Process for the Production of Aircraft Engine Fuels,” by
Augusta Jean Paris, jr., and W. Francklyn Paris, &at lieutammt, United States Army, statas
the nxmlts of investigations performed by its authom at the request of this committae at their
laboratory rd Charleston, W. Va.

Report No. 43, entitled “Synopsis of Aeronautic Radiator Invest~~at.ionsfor the years
1917 and 1918,” by Dr. H. C. Dickinson and R. V. Kleinschmidt, gives the results of investiga-
tions conducted at the Bureau of Standards on the general problem of aeronautic radiator
design.

Report No, 44, entitled “The Altitude Laboratory for the Testing of Aircraft Engines,”
by Dr. H. C. Dickinson and H. T. Boutel, is an extension and revision of the brief description
of this apparatus which appeared in the third annual report, The changes which have been
made as a result of experience have been included so that this reportnlescribee the laboratory
in ita developed form

Report No, 46, entitled “The Effect of Compression Ratio, Pressure, Temperature, and
Humidity on Power, ‘‘ in four parts, by Dr. HX!. Dickinson, W. S. James, G. V. Anderson, and
V. W. Brinkerhoff, gives Me remdts obtained in testing a Hispano-Suiza 150-horsepower @r-
oraft engine in the altitude chamber, and of a high-comprassion truck engine on the dynamom-
eter stand at the Bureau of Standards, The resulte of preamre and compression ratio changes
agree very closely with the ordinary conception, but it is interesting to note the indication of
the teats with respect to the deviation of the temperature correction from that ordinarily as-
sumed. The water-injection hats me an indicaticm of the value of such devices and of tbe
effect of changes in humidity.

Report No. 46, entitled ‘{A Study of Airplane Engine ‘ll#a,” by Prof. Victor R. Clage,
gives the results of an examination of the data obtained dur~~ tests of aeronautic mgines in
the altitude laboratory ~t the Bureau of Standards.

Report No. 47, entitled “Power characteristics of Fuels for Aircraft Engines,” in three
parts, by Dr. H. C. Dickinson, W. S. James, IL W. ROl.N@SjProf. V. R. Gage, rmdD. R, Harper,
3d, presente a summation of the results obtained in the testing of fuels of various compositions
and character in the altitude l~borntory, These tests extended over several months ~nd
thousands of readings were taken. The datti upon which this report is btised is of the greatest
value and has had an extramely important influence upon the writing of specifications for
the various grades of atiation fuels.

Report No. 4!3, entitled “ Carbureting Conditions Characteristic of Aircraft Engines,” by
P. S. Tice, was prepared as a digest of the information obtained during an extmsive examina-
tion of the performance of aircraft enggnca in the altitude laboratory at the 13ureau of Stand-
ards. It comqtitutesa concise statement of the dificultiee to be encountered in this br~n~h Of
carburetion.

Report No, 49, entitled “Metering Characteristics of Carburetors,” by l?, S. Tice nnd Dr.
H. C. Dickinson, is mainly the rewdt of an extensive experimental investigation of the per-
formance of different types of cmburetcm as effecting the mainknance under all conditions of
a correct ratio between the weights of fuel and air.

Report No. 50, entitled “Calculation of Low Pressure Indicator Diab~ams,” by E. C.
Kembfe, develops the fundamental conception and partial application of a method for cakndnt-
irg the pressun+volume relationships to be expected for any given engine design.
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GENERAL PROBLEMS AND ACTIVITIES.

As an introduction to the progress made on the general problems enumerated in tihepre-
ceding annual reports, there is submitted the following statement entitled “Some Outshuding
Problems in Aeronautics,” prepared by Dr. W. F. Durand, chairman of the National Advisory
Oommittee for Aeronautics, which wss read ss the Sixth Wilbur Wright Memorial Lecture
before the Aeronautical Society of Great Britain on June 25, 1918:

SOMEOU’TSTAhDINGPEOB~MS IN AERONAUTICS.

‘I’enyears ago the airpkme waa a curiosity-a meaua wherewit& by a tour de forcej a man might lift hirmwlf from
the ground and make a hamrdoue @t through quiet * meana ta attract curfoua crowds to fenced-in country fair-
gmunda to witmea tbe mmwl of a body heavier than air actually rfeing from t.hegronnd and moving under mme measure
of control through the air, and returning safely to ita starting point.

What the airplane hae become in this ehort but poignant damcfe of the world’s history and what it etanda for
h-day thie audience knows too well to need epecilication in detail.

It in perhap well within the Iimih of coneervatiem h say that no achievement of man’a inventive and instructive
genius haa undergone more intarudve, more rapidj or more potentirdIy signMcant development than hae that of Eying
with an apparatus heavk than the air in whfcl+it moves.

It maybe furthez noted that perha~ no technical and constructive achievement of man hae ever called more
largely on acfence and on the eid of mientific resti to aid in the solution of the many pmblema which have pre-
eented thmaelvee in the cnuree of thie aetonfshfng development in aerial navfggtfon which the psat decade hae wih
nd.

In the cimumetanceswhich have dstarmined the direction and chm’acterof the development of the afrplane
during W dwade, and especiallyin thoee which have been mntilling during the pact three or four yeaIw it ia only
to be expected that at the present moment we ehould find ouradves fith many partly SOIVWIprobkme on our hande,
with othemwhich wehave hardly morethan begun to attack on the outalrkt, md conhonted by othere@ the chmc
act= and e&nMcanceof which wehave hardly begun ae yet to apprehend.

On the presentcccaaim wemay lind it not without intaxst to pas brieflyin reviewcomeofth&e probl&&, not&
thti presentetatuatogetherwith euchindication aamay in aorneca=eerve h point the waytowardapomi%lesolutioL

THB PBOBLEMOF CONSTRUCTIVEM.4TEEIA.ML

Perhaps nowhere is thereto be found sbettar ff.luetratfonof the frd=dependence of technical and scientific reeearch
and study than in the manifold advances in various technfc~ ~d acientfic has which conjointly have made the air-
plane in its pwent form a structural pomibility.

Broadly, the modern airplane compriaea a body of mme mfi or fo~ fitted with * ~ pm~de the EUPPO~
mrfacw, with a prime mover or eource of powermd with a propellerofmrne type to Worm the powezprotied by
the prime mover into propulsive work~~d by the reaction of the dative ti S* on the under side of the winge to
swurethesudain@ or’Iifting force necemq to cmry the weight. Thie construction cafle for a wide range of construc-
tive materide. Thea the body and W@ELComp- the ~l~e PrOP=,reqfie @ follo~ fti@ distinct cIemea
of 13tmmturalelsmentm

(1) ‘Thae intended primarily to give form, etreng@ and coherence to the structure. They represent in effect
the dmleton or foundation on which the entire function of the sirphne M such muet depend.

(2) ~arioue mxondary elemente intended m ta tie or Co-t the principal m~bem together ae to secure homo-
geneity of stmcture as a whok and rnut~y -tive Wtion Onthe Put ~ the fiff=ent elemenb cornwimxlunder
No. I. The ekmeuts here cotide?ed are those whfcl%fmrn a PUCJYstructural viewpoint, may be clamed aEetzuta
and ties or tension members.

(3) Surface covering for the body and wings. Tbia givee outsr form and Contiuity of eurface and pmvidea, fur-
thermore the actual eurfacea on which the air lifting md supporting forces may act.

BmadIy apq, the fundamental pmblsm in all airpkme construction h adequate atmngth or function on mini-
mum wei&t. - In no other form of e@.eer@ construction ie the neceaity for weight saving m rigomua. In a very
real aenee evcwyounce of material ent+=ing into the structure mud be able ta showa CompetentPusport. The struc-
tural pmblan of the airplane ia therefore one of etrength in *t’ion h w@@. For the main elements comprising the
skeleton of the structure wood heai thus far, held the mrdn place, with metal ctmatructicm steadily attracting more
and more interwt and amuming a place of growing importance, at Ieaet in the etudy of new dedgna.

It is not neceeaary to our preeent purpoee that we should cotider in detail preeent practice in airplane conatructiom
The trend of development since the earlieat days of the art ti tended L%show that wood conetructfon undm suitable
design and eafeguard waa able to provide the eaakst aI@ on the whole, the moat eatfsfachry solution of many problems
and requirements which airplane conetructfon preaente, and m we have been content, for the most p@ with thie
type of construction.

Wemay, however, be weU aeaured that however good maybe any mlutionthat we may reach of the many pmbleiua
prawnted to us in the industrial ark%there are, ae smatter of fach aeriea of bettionesonly awaftingour patient study. .
This is iuded a fundmnental truth of which we ehould never kae sight. We may bej for the momentj eatidad with

..—
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our eolution of a problem in twhnical industry; we may be able b me nothing better, and yet we may be wdf amured
that, aa a eimple matter of fact, there ie eometking better. This ia a perfectly flafe amertion, if only aa baaed on the
law of pmbabilit y of our having, at any given time, reached the ~ optimum pomible combination capable of furnish-
ing a .wlution of the problem.

‘f’hue,aa applied to the problem of constructing the framework of the fueelage of an airplane or of combining together
wing SPLUEand ribs in mch a manna w to form a *W ~~eto% we may be we, however@ ow pr~t PI’UCtf’M
may be and however eatiafactory it may seem, that in reality it ie not the b~ and that long eerk of better eolutimM
only await our intelligent and patient study.

In tbie and in all mch probleme there me always two fairly diatfnct though interrelated p&te:
(a) What materiale are beet suited to the purpoee in view.
(b) What diapeition ehall be made of the materials adoptd.
Thus, in the cam of the fueelage, granting wood material be adopted, there rernaine the question aa ti”the”vmy

beet distribution of such material aa betweeri the main lmgitudir@ elemen~ or Iongerone, and the intermediate ele-
ments; afea aa ta the extent to which reliance may be placed on the outer cov~ ecially if of plywood. What
airplane dexigner can feel mm tha~ even with given materials, he haa reached the optimum. distribution of function
ea between the main and eecondary elements of the fuselage and of a plywoodouter covering.

Muchlaw, what airplane th%gner can feel my cotidence in having now rwmbed an optimum combination, once
we admit the pcmibility of metal construction or of come combination of metaf and wood, with all the poadbilitiee of
the new light mehd afloya and of the new alloy eteeh with their aetdahing phyrncal characteriatice?

So far M conditioned by the application of the ordinary leading teete, etatfc in character, and aside from the pmible
rmulte of dynamic attack, ebock, long-continued vibratioq etc., we may parhapE frankly admit that the prwmt stab
of metallurgy k able to supply us with material, either in the way of light aluminum alloye or special steel alloye,
which, if properly used, will enabIe ue h meet all euch Etatfc teati. in airplane conatructimq and on even terms or better
ae regarde w~ht compared with wood.

If such ie the case, it certainly standE before ue ae a problem for the near future to pem in revfew moat thoroughly
the enthe mnge of constructive mater@, metallic ae well ae wood, and to determine, in the light of the experience
which we are eo rapidly accumulating during them days of storm and etreas in @tary aeronautics, the COmbiMtfODS
of materirde which may serve ta give the most efficient service orJ the minimum of weight.

In connection with thfE search for new and betfer materide puat go hand in haqd march for better modw of c&-
bination in the Wcture-in other worde, better structural deaigm It go- without saying that the beet general type
of design, in the way of the distribution of materiala, forme and proportion of membem, etc., will vary with the clam
of material employed. There must be come optimum dwign with wood, There will likewfae be another and undoubk
edfy a difkent optimum design in the caae of steel, md again differ=t in the caee of alumiqum or other alloye. Thus.
the search for the beet final combination ia a ewrch for an opt@un optimorum; for the bmt poeeible mate&l end for
the beet pwdble da4gn using such material.

What order of eav5ng may be looked for in the near future from any euch search it ie, of course, idle to predict.
Could we, however, approach somewhat cloeely ta the beat uee ctfthe beat ccu@nation qf materiale even now available
in the field of engineering construction and without waiting for new and superior materiah w&h the metallu&al
rut will doubtb be able to furnish, it &ema not unreasonable @anticipate the podbility of a marked caving in weight
without 10= in strength or eecurity.

‘l!hhI,then, skmle out ae one of the great problem of aeronautical engine-that of the bat materfala and of
their beat uee. Muchhaa already been done, but much yet remaine, and rich rewards moat amu.redly awdt patient
and well-directed work in thie field.

THE PROBLEMOF SIZE.

One of the moat interesting of the probleme presented to the aeronautical engineer ia that of the limiting eizg and
@.R’Y@capacity of @PIWM. IS @ere euch a limit? If SO,‘what k it? Why is it? And how may it be removed
or extended?

In dealingwith thie problemwe come,ofneceeaity,into contactwith the lawEofsimilitude ofgeometricallysimilar
structures. It iEwel~known that unda sirnp~emodesof loadinggeometricallyeimihtrstructure ofwingand fueelege
will have similar factmaofeafetyunder equal unit loads. But forsuch structww, if etrictly similargeometrically,the
weightetbemaelveewiIl increaw ae the cubesof the eimilardimensions,whiIe the areas ofwingor eupportig surfaosa
will only fncreaae ae the wquare,and hence the ratio of weight to area will mntinuoudy inmaee ~ the l~ear c%eneion.

In thwe circumatancwit ia readily ehownthat in accordancewith the rqlatfonof the &c@e @volvedthere will
be, forany given speed, comeeizeforwhich the lifting capacity overand above the structure i@effwill be a maximum
and abovewhich tie Liftingcapacity ova and abovethe shucture will hectiineIwaand 1- wfth increaeein size,grad-
ually radng zero for somevalue of the size of the structure. Thie would mean that at such point the supporting
[orcedeveloped at the spe+xlin qu~tion would be juet enough to lift the structure iteelf from tie ground but with
no rwerve foradditional load.

Tbia ie, of muse, a dtite law derhwl fromwell-kncwnprfnaplea ofgeometryand calcdue, and Mit were tie
wholestory it wouldindeed tend to rake an fneuperablebar beforecontiued mpaneionin tie. H Buchwerethe caee,
it wouldmean in effect that inc.reseein lifting capacity could only be reached by tie foflowing meaaurw:

. (1) Reducing to a minimum the relation of weight of atructuto area. That fa, general improvement in the
programofdeefgnand reduction ofweight ofstructure in relation to supporting surface,

. . . ,
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(2) Reducing to a minimum the meietance of the plane at the given speed and Iikewim the reIation of weight ta
horsepower.

(3) B&ingtoa maximum the relation of lifting force to area, consistent, however, with the decrease of the total
propulsive rdstance of the plane.

Were we indeed subject, without recourse, to the operation of this law of mechanics and geometry, we should be
in a sorry state qarding the future development of the airplane as mgarde sise aud camying capacity. We should be
limitd atrictiy witbfn the bounds of the developmentsmade possible by improvements and advaucee aIong the lines
as fndicated above. But, fortunately for the future of aerial navigation, we are not so limited, aud there seems no reason
why, at the present time at Ieaet, we should need ta anticipate any special limit as necemariIy impceed on airpbzue
constmction se reguds either size or camying capacity.

We are able to wcape from the consequence of this law due ta two facts:
(1) It is not necw tit a &e element of an airplane, a wing in particubm, should be gmmetrically similar

in structural characterieticn to a mnaII one. For a certain size the structural eIements wilI pmtake of certain charac-
tdetics. As the over-all sise incrmssa, these ekments may take on new characteristics. Three which had been
solid may now bceome hollow or of Iattice or built-up form. The law of geometrical similitude will not hoId and the
weight will not necessarily fncresse in ratio with the cube of the”over-all linear dimensions.

(2) It fs by no m- necm thats large airpIane shall bq in ita general form, a geometrical copy of a small
one. While both will have similar elements, such eIements need not be the same in number or arrangement. In fact,
one of the most obvious of means for increasing fifting power is to increase the number of the wings or lifting elements.
There is no reamn, at Last atructurdly, why wings and connecting elementu should not be increased in number beyond
any-thing now in use or even mnsidered-increased to a point which would give a&e and lifting power great enough
to meet any demands which we can now formulate or which the future seems Iikely to present.

Stictu.rally, therefore, the problem of inmased &e presente three problems, as foLlovnu
(1) The structural probIem of m developing the chractar of the almnents of ahphme construction, such as wing

a= Iongemne, skuts, riba, etc., that with increase in over-all dimension the weight slmll not increaee sensibly f@er
than as the square of such dimension.

(2) The structural problem of combining the Iarger ehments of airplane construction, such SEwings, fuselages,
or engine nacelleq with their connecting atrnctureq, in such manner es to secure fors given wing area the minimum
weight of SeCOndSryStZllCtUC&

(S) The aerodparnic problem of combhing multiple wing elements in such manner as to r@uce to a minimum
the interference of one with another. This is a pmbkm which opens fascinating padilitiw to the student of experi-
mental aerodynami~ pmbIem on which already some beginnQ have been made but one far horn a final or as yet
wholIy satisfactcq solution and one on which the future development of greatly increased size and camying capacity
seems destined to largely depend.

In short, then, so far es increase in size is concerned, there seamsno reasonta apprehend any particular limit or
myserioue ditEculty onthe part ofthe scientist and tie engineerin meeting the demandsofthe future in these rwpects.
The dif3cultiee seem no greater than tboee which have been overcomein the case of oceanshipping as shown by the
continuous development from the early begiming of the application of engine power to ocean navigation during the
tit half of the Iaat centurydown to the mammoth floating structures of the praat time; and if we may take any
indication from the accelerated rak of progrcw which has characterized the entire history of acrid nwigation, we
may feel cantident that we shall not have to wait a baIf or three-quarters of a ceutury for a paralIeI development in the
latter field.

VABI.ABLEWINGAREAOF VAEIABLEWLNQCAMBEB.

To mention only one of the many mmahing pmblema which are mected with the design and construction of
the airplane i@elf, a word maybe said wftb regard ta the pmbIem of variabIe wing area. Broadly speaking, the ideal
airplane should be sbIe b change ita wing area in accordance with the conditions and circumstances of flight. For
ea$e fn getting off the ground at a moderate speed, for essein Iandf.ng Iikewiw at a moderate or Iowepeed, there is need
of a rdativelyltuge area of wing or supportingsurface. For theattainrnent of high speed, reduced wing areas are needed,
snd are, furthermore su&ient for the support of the weight at eucb high speeds. The supporting force gained by a
given form of airpIane wing depends on the area, the speed, and the angIe of attack, and there W be some combina-
tion beet for each set of conditions. To meet thae conditions, varying fmm time to time throughout the course of
a Sfght, a correlative variation in wing area is needed.

To some extent theaame ends maybe met by changbgthe camber or cumature and form of the fore and aft section
of the wing.

Thw when the camber or fore and aft curvature is increased, the form will be more suitable for Iandingatareduced
speed, whiIe the curve flattened and camber reduced the form will more readiIy favor the attaimnent of relatively
hfgll speed.

The problem of an adjustable wing, either es ta extent of area or camber or both, iss favork one with students
of aeronaut&, and we may hope for some measure of useful and practicaI solution. Thus far, of tbe many devicq
and forms proposed, none bss so far fully justi6ed itself as an altogether satisfactory and practicaI solution of
the problem.
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MOTIVE POWER.

P~ng now to the motive power and its application to the propulsion of the airplane, s most futerwting and iM-
portant series of problems challenges our attention. Only the more important can be no@d hers

fiz.~ne of the mcd important of them is that of fuel. W!@ is to be tie futwe fugl @ we %~ne or ~r
aerial navigation in ite wfder aspecta? How long will our storee of crude petr+eum -offfrom whfch we riow obt@n
our petrol or essence of petrol, as it is variously termed, continue to furnfah this all-important element in ihe
present program of power development? Doubtlem there are @e Btoreaof petroleum d yet undiecoveied,but
we may safely aamme that weare using up a Bupplyin the nature of a bank depmft.” We are uafng our prfncipal
and not li~ on the interest. So far se we know, nature is not now engag~ in maEing for UBpetroleum oils, cer-
tainly not in any proportion to our rate of expenditure. To such a general program oi consumption there fs, of
course, but one end-ultimats exhaustion. This ia, of course, only one phase of the oyxshadowing menace”which
the modern social and industrial world mnet face some time whm our prwent tipply of carbon and hy&bon

.-

fuek begins to become exhausted, unlwa, indeed, we develop or discover in the rneanbe some other s6urceof
energy which will adequately take their place. Thie is perhapsa queatfon whfch need not seriously concern the
present generation, but when we take a long look ahe+d+ look, for czaraple, as that covered by the development of
Europe from the days ofthe Omaaraor even fromthe time of, say,Galff~we~y fie with startling empl@a the
need of foresight with regard to a source of energy adequate to the world’s demands. Varfoti.eages hive been ddgnated
as of stone, bronze, etc. The present might well be dea@at@ &=t@t of ~tural energy. our entire civilization,
in a material sense, reste upon the utilization of murcea of natural en~ ‘which are. hot in~uatiblq and Lwhf@
are, in fact, becoming exhausted, in some caeea, with menacing ,mpic!ity. In the meantime we must, and pre-

.

munably we shall, make some shift to tap efficiently other sourcm now kUOWU,01 .W?.IWYkp~Y dfew~ m~~
which today lie beyond our present vision.

A long look ahead for aerial navigation therefore ahows that if”~e prwent line of development u! tc”&ntfnue there
—.-.. .. . . .. .. ....

will be a serious problem to be met mmetime, and th@ per@s before manydecades-the problem of a fuel 6nited to
the needs of aeronautical prime movers, at a time when present petroleum eourceAwill no longer yield the supply
which we now accept and nea with so little thought for the morrow.

But with regard to the question of fuele we need not go so f~ ~field~ @ look @@ the com@gde@@s for inter-
esting and important problems. Pezhaps the one mmt pressing forprwent solution is the question of”what fs%’e b“&t ‘“ ‘- -
fuel for the modern aviation engine, having in view the three req~~~te-poweri economy, with reliabiffty tmd dura-
bility. Out of the erfgeacfw of the prewnt war have come ~~_eerioua e+d extended researches relating to the
problems of military aviation, and of tke none is perhapa of greater e@ificance r@rdi@ the future of commercial
aviation than the studh which have been made regarding aviati~ f@s. ~le n@@ relating tg the problem of
military aeronaht.b must be spoken of with much remrve, it will perhaps be permiwible to say before this audience

-.-. .-.

that from these studies thee principal results seem to have baa rather definitely mtablish&d. These are- ---- .“::
(a) As between the various gradee of aviation motor fuels wh&h have been used dyring recent years, ~d corn-

prking a rather wide range of mmpcsition and of physical and teghnical chamct@st&s, there is but little@ choose
from the standpoint of pawer or economy alone. This assumes, of &mse, that the fuelfi a genuine motor fuel and t$e
reaulte regardhg power or economy relate to an assunyxf perigd of effective operation under such fuel. It must not,
however, be areumed that there are no differences in power or.e&n~y tra&able to the fuel 6mployed, for iuch is
far from being the case. It is, however, within the Iirnik of reasonable EItatemed to say that SUChdiffereuce8 me
re~ativ~y ~H and iU most Circurnstancw would not of themselves “constitute a de~ or mnti@ fa!.k%, .. .. . ..=.,

(b) AEbetween Buch motor fuele marked differences do Beernti b.e indi@wl sa r-a their fqtluence oithel&
and reliability of the motor, especially their fntluence on long-time testi or in actual service on Iong-&e f&hte.

—— =

(c) J?orthe various fuels, in order torealizethebmt reeulfx eit!m.rse regard! power, emmrny, or life ~d re~bility,,
-.

special and individual carburebm adjuetmenta are necessary and such as can.only be determined by trial under actual
working conditions.

It may perhaps be further mid that the problem of an exceIl&t and reliable mofm fuel for aviation purposes Bmms
to have bean satisfactorily solved. IW specifications and range of chamcterietica, phydcal and chemical, are pretty
well establishcxf, and m. long as our ecnrce of motor fuel supply is to be found in petroleum derivative, we eeem to
have reachd a r~onably satisfactzmy determination of the bwt combimatfon of such derivatives for the various re-
quirements of aviation service. T&me characteristics, which must be considered aa a part of the great body of miIitary
information, and which can not for the moment be put down b p“hin print, we may”hope dl in due tfii6 become
available in the arts of peace and for the development of commercial aviation k ite .vmious fields of promise.

With the problem of fuel that of the prime mover or engine is closely @ated. IS tie present type of engine to
acontinue or fait only a paaaing stage to some more perfect form? This is a que+tion, intemting, indeed, for speculation
but hardy to be considered in comparison with actnaf present-moment problem. The p~ent engine and ite appli-
cation to the propulsion of the airplane does, furthermore, present no lack of interesting and important problems,
and among thwe a few of the more preming may here be noted.

First, the problem of gross power. How much power camwe put in an airplane or afmhip of no mat~what
type or form? Tbfs divides fmmediatily into three subsidiary problii~ as follows:

(1) How much power from a afngle cylinder?
(2) How many cylindem fors single engine?
(9) Howmany enginesfora single airahip?



ANNUAL REPORT NATIONAL ADVTSOEY COMMITTEE FOE AEBONAU’IZC&i. 37

In the way of power per cylinder we are now reaching close about 40 horsepower sea maximum.
In the way of cylindem per engine we have reached a etage of development where the 12-cyIinder engine ie quite

a standard type, and higher numbere such se 16 and 18 reprawnt only queetione of detail. It ie not too much to eay
that the 600-horsepower engine ie quite within the reach of preeent practice and may be reaIized ae caUed for. We
have long eince become accustomed to two and three engines on a eingle phzne and are now eeeing four engines in
various recent designs. It fe therefore clear that if a power pkmt of 2,500 horsepower on a eingle dructure ie wanted,
it fe quite within the ECOpeof preeent practice to realize and provide euch a pkmt.

And if four enginee of 500 or 000 homepower each, there is no reamn why the number may not be fncmamd , at
least to a point beyond the preeent apparent need for power on a eingle structure.

On the other hand, it must be admitted that having in view the lfmitatiom of preeent practice, the meet &nple
and in fact the onIy reliabIe way of extending power ie by a multiplication of the number of cylfndem rather than by
an increaae in the eiae of the latter. The fact that a 2,000-horaepowm equipment would presumably require fmm
40 to 00 cytiders ehowe the formidable degree of mnltipfication of mnaII elemente requirwi to realize eud a redt.
The real problem of size or capacib of engine ie therefore one of power in a single cylinder. What cm be e-ted
in thie directiorL =d in what way ehell search be directed?

The prwsnt Ifmitationmfsee Iar@y ae a matter of cooling, and it is in this direction that eearch may well be made
for wayn and mama of effectively increasing the power capacity of a sbje cylinder in an engine of the aviation type.
Thie in a probIem which ie dfetinctiy out+mding ad weIl worth our eeriouE attention and study.

The carhwfor.-Another probIem connected with the engine ie that of the carburetor. At the dart of aeronautic
engineering the Carburetor naturaIIy took ita fnitizd form and arnmgement from the aIready fairIy weIl deveIoped
autamobiIe engine carburetor. Thie wee but natural since both tmgiuea are of the came type and both uae the came
general form of fuel. h reepect of the condition of operation, however, them is a marked end important difference.
The automobile operates at or near a tied level and hence in an atmmpheric medium of eensibly fixed pressure and
density. With the airpIane the case ie very different. The latter may chmge its Ie}-el by thouemde of feet in a
few minutee or even mconds, se in vertical or nearIy verticaI divw, rapid epirak, etc. Thie difference in the con-
dition or operation introduces a factur of dietinct eignitlcance and of great importsmce in the deeign and diapoeition
of the Carburetor. Experience in the air haa clearly shown the importance of thie new factor, and it is not too much
to say that the problem of the entbdy aatiefwtary carburetor, capsble of automatically mmering to the varioue
atmospheric condition onder which it must wor?q ie distinctly an outstanding probken. It is tie that much progress
hee been made, and as the result of laboratory researa checked by actual experience in the air, we now know much
better % say, two years W, the fumlarnental Condition which met be met by the carburetor for the aeronautical
engine. The present solution cm hardly be considered se EnaI, however, and we may feirly admit that the whole
probIem of carburetio~ incIud.ing the manifold supply of the carburated mixture to a multi-cylfnder engine, should,
se coon se may be, receive a thorough and fundamental restudy in the Iight of the information to be drawn from the
experience of the pd three or four yeare.

@aition.-hother problem which we fiould view M outstanding ie that of fgnitfon. It la true that fgnitio~ se
now reahzed with the beat equipment, mema to be fairly re.liabIe and effective. But the whoIe programme is open
ta the objection of requiring ementire ekcfzic power plant of a MghIy epecided type, tc@har with electric conductor
and the spark plug for producing the apark between the discharge pointa within the cylinder, reprwenti a very com-
plicated =d highly specialized device forpmducing the initial ignition within the body of compreawd fuel mixture.
In ita preeent state it fEa marvel of ecientilic =d technical development, and it does ite work; but it ia complicated
and enbject to many pcdie modee of derangement, and, se we aU Imow, hae been and ie etilI the mat of some of the
moat earioue of the engine difficulties to which the power pkmt se a whoIe ie subject.

1 have nevez been able to persuade mywdf that this excowlingIy compficatai and speciahed auxilimy equip-
ment ww to be the final eoIution of the probIem of producing ignition in an interd combustion engine. If we can
anticipate the explosion engine of the year 1968, amuming that our grandchildren are etilI dependent on hydrocarbum
fuels at that dab (and, furtherm~ that they are atilI avaiIabIe), it woufd seem SEthough come more direct md eimpIe
mode of initiating the combustion h the cyfindem would have been found. Still, utherwiee, we may eay that on the
law of pmbabiIiti the chances are overwhehningIy agg our b-fug at the present moment deveIoped the very
beet method of ignition. The lawa of phyeice and chemietqy, by a pmbabiliw which afnmt reachee certainty, con-
tain some potential combination of factore which %11 permit of eliminating muchof thecomplexityenddeIicacyof
adjnetmentwhichisMcharacteri&ca feature of the preeent mode.

It ie perhaps proper to add here that studies in thie direction have akeady been made, and with reedti which
offer promise of interesting developmente in the future. The path of perfection fe fikel y to be not a short one, how-
ever, and we can eee no prcepect of any development in the to-morrow of p- IikeIy to displace electric ignition.
There mue~ howemr, be some better way, and if not to-momow, then come other morrow ehould eee it made available
for Uee.

The probIem of ignition is, th% one which ie distinctly outstanding, one which by iti importance merite the
meet cmeful study, rmd one which at least offere reamnabIe ground for hope of a euccedd and relatively eimpIe eub-
tituta for the preeent mode.
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MAINTENANCE OF POwEE AT ALTITUDE.

We come now ta a problem of the very higheet present and future importance, that of maintaining the power of
the engine at high aItitude.

The eituation M it develope in the case of an airplane mounting to higher and higher Ievele in the atmosphere .
ie readily appreciated with a moment’s thought.

The power of the engine arieee horn the combuetinn of vaporized hydrocarbon fuel. The power per cycle for a
given cylinder will, therefore, to a fitapproximation, and amuming a senaibly conetant efficiency of thermodynamic
transformation, vary directly with the weight of the fuel which can be burned per cycle. But thfe in turn depends
upon, and iEconditioned by, the amount of oxygen which a be dram fnto the cylinder per intake stroke of the cycle.
But the oxygen iEbrought in aa one of the corukftuente of the atmcephere, and hence the amount of oxygen available
per intake stroke will depend upon, and be directly proportioned to, the amount of air which can be drawn in. But
in tmm.e of volume, just a cylinder fnll or more exactly, juet the vohune represented by the pid.on diephwement in
moving from one end of the stroke to the other, can be brought in. Hence we may at leaet depend on what we may
term a cylinder vohrrneof air, no matter where we are. But juet here arieeethe trouble. The actual weight of air
dependsconjointlyonthe volumeand on the density, and, unfortunatelyfor the aeronautiwd engine at leaet, the density
of the atmmphere decrewe steadily with ahitude, eo that at 1.6,000feet, for example, the deneity ie only about 60 per
cent of the normal denei@ at the earth’s surface. It fa clear, the% that an aeronautical engine, other thfnga equal,
will draw in per intake stroke only about 60 per cent of the weight of air at thie altitude ae compared with the indraft
at the earth’s surface. Hence it will be able to burn only 60 per centof the fuel and with equal eficiency wifl develop
only 60 per cent of the power.

But here we muet et.opfor a moment and inquire aa to the effect of such reduction of power on the speed of the air-
plane. We know that, other thinge equal, the resistance of an airplane to propufeion through the air at uniform epeed
varies directly with the deneity of the medium. Hence with the came speed aa when near the surface of the earth,
and at the came altitude and anf+e of attack the airplane at lf@O feet elevation would experience only 60 per cent
of the resktw.me, require 60per cent of the thrue$ and, at rmwtant revolution of the propdler, 60 per cent of the power
from the engine. It appears, therefore, at M sight m though we had lost nothing in epeed by the reduction of the
power of the engine. If the lath hae been reduced to 60 per cent of ita amount at low levels, m hae the reaietance
and power required, m that the epad realized ehou.ld remain the same.

Such would, fndeod, be the caee if thie were dl, but unfortunately other coneideratione enter, and the eimple
relation of uniform epeed at varying aItitudea cm not be realized without compeneati.ng features.

Th~ if at a conetmt speed and couetant angle of attack for the winge the mietauco to propulsion in only 60per
wmt ae great at the altitude of li5,000feet ae on the ground, it is unfortunately the aarne for the lifting force developed
by the winge. T’hiEalac ie only 6!2per cent ae gx@, whill ~e_@ghtof the nywhine rqqafne sensibly conetant at all
altitudee. I.& ue graep thk fact ckarly that while, at constant eyed and attitude of ~ht, the rwietance, the Iift, and
all other aerodynamic form involved vary directly with the deneity of the air and decrease with the altitude, the
weight of the machine and the lift necwary for support remain eensibly unchanged. Hence at the .eameattitude of
flight the lifting force at a higher altitude and under the earne #peed will no longer eupport the plane, and unleea
eomething is done it would be unable to maintain horizontal tlight at euch altitude. t

Two courwMare, then, open for consideration, ae follows:
(1) We may eoek ta increaee the aped until at such f.ncreaaed value the lift wiI1 equal the weight of the plane,

Under the conditions amumed thin would involve an increaee of speed of about 90 per cent, thue increasing the mietance
to propukion by nearly 70 pw ceut, or bringing it back to ite value at low akitude. But thie reeiehce overcome at
the increaeed speed would mean an increaee in the requird horsepower of 30 per cent aa compared with that normally
developed at low level, while with the actual indraft of air, and, even allowing for the jncreaeed speed, only some 78
per cent of thie, or 80 per cent of the needful amount, would be developed. Hence no such speed could be rdized,
and the eupport of the unvarying weight in the rarefied air can not be realized in thie manner, and mu@ be eaWht
Otherwiee.

(2) Inetead of seeking for the noceamry lfft by increased epeed, we may eeek it by changing the angle of attack-by
changing the flying attitude of the plane m ,tiat at the came epewl, for example, the lifting force will be greatly increaeed.
In thie manner the n~ful lifting force may indeed be realized, But, unfortunately, with the increaeo in lifting force
will come aleo an increaee in head rwietance, not proportionally, but still a definite increaee, Thie will mean that the
actual reaiatance at, say, 15,000feet elevatfon wiIl be greatar than 60 per cent of that at low elevation, and with 60 per
cent of the power avaiIable pa cycle the original number of revolution can not be maintained and a reduction in speed
will rmdt. With thie reduction in epeed will come a further lcea in lifting effect and need for a further change in the
angle of attack with increased head reeiatrmce; until finally, at come reduced epeed, a condition will be found where the
uedul eupport for the weight of plane may be realized and the reaietance b propulsion can be met by the thruet or
pull developed at the propeller. In these conditions horizontal flight again becomes pceeible, but at a epeed eomewhat
below that corresponding to Iow-altitude condition.

In addition we must reckon on a diminished efficiency of the engine with decreaaed power, and with the probability
of a low in propeller efficiency with the reeuftant change in aped Th~ if an engine M primarily designed to work
at ite best efficiency and under ita beat conditionE at or near fufl atmoephezic preeeure and deneity, it will not work
with equally good efficiency at high altitudw in rarefied air and when developing only about oue-half the power for
which it is primarily dwdgned. .—
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In brief, at an altitude of, say, 15,000feet the phme must fly at a less advantageous angle of attack but with more
reaistmce, and that the engine will be able to burn only about 60 per cent aa much fuel and wiIl transform the rating
heat IeM effectively, than when at low altitudes. !t!hrefore, the power devdoped will be lam than 00 per cent and
ineu6icient to maintain the same speed; and with diminishing speed there may be further km of efficiency in the
propeller and a further Iom of speed, until finaUy matters become adjusted at mme value usually definitely and some-
times considerably Ie.ssthan that corresponding to low-level conditions.

As an over-alI practical result an nirplane normally Iosea horizontal speed M it =ends ta higher altitudes.
(!onfronted with’ this fundamental fact, what is to be done? Such I- of epeed, e+ecidy in a mifitary eense, is

or may bacome very seriorq and one of the large and definitely outstanding problems in aeronautical engineering at
the present time centers about the pmsible ways and mems of meeting this condition.

The obvimm proximate solution is to avoid, so far as may be, the dwrm in the amount of air handld p= intake
stroke of the pieton se tIM plane aecends to higher and higher altitud=.

Broadly, two courme are open. First, we may definitely and frankly d~ the plane and engine for a certain
dtmired performrmce at a given akitude, say 15,000 or XJ,MJOfeet. This is a straightforward problem in aeronautical
engineering. Given the desired schedule of operation and the altitude, we can determine the resistance h be owr-
come and the horsepower required, and can design the engine accordingly. In such case the vohune of the cylinders
will be suited to the rarefied air in which the engine is to work, and all pmportiom and details will be worked out on
this basis.

It will be obvious that such an engine wilI have much too Iarge a piston displacement volume when at low aMitude
that is, it wilI be omxize and ovqowared relative to the pkme. In fact, operation near or on the ground under the
same adj~atmenti as at altitude would be quite out of the question. bfeema must therefare be provided for repro-
ducing, when on the gronnd or at Iow altitudes, snbatantially the operating conditions at high altitudes and low air
density-that is, the conditions for which the engine wsz dmigned. This may be racat conveniently done by throttling
down the air intake eo that while air at or near full sea level density maY snrround the engine, it will be reduced in
pressure at the intake throttle h su~ a degree that the amount actually taken intn the cylinder will only equal that
which would normally enter, without throttling, at high altitude.

On the other hand, we may deJiniteIy design the engine for opemtion at or new sea leveI and withsiae of cylinders
and all proportions and adjnstmente worked out accordir@y, and then by a supplementary device endeavor to maintain,
or to nearly maintain, snch condit”mnswithin the engine itself even if it is at high altitude and surrounded by air of a
lower density.

This eolution calls for some supplementary form of compreamr or equivalent device which abdl operate on the
raretled air en a tint stage and raise it from the low preeaure characteristic of the aItitude up ta or nearly to normal low-
aItitude pressure and density.

Each of theee alternatives reprwente s perfectly @ble Bolution. Each has ite special advantages and disad-
vantages. Each has its advocates ss a solution of this important problem.

The fit eclution is the eimpbr of the two, since it involves no special or additional device for compres@ the air.
It does, however, mem extra weight in the engine which ie alwaya there and which will reduce corwpondingly the
net carrying capacity of the plane.

On the othez hand, the compreaing dewice of the second solution is not easy to rea.liae satisfactorily and it ako
involves extra might, though presumably less tlian ‘mthe case of the W .wIution. Again, itg operation as a separate
or independent unit for realizing a preliminary compremkm of the air is 1- efEcient than to do the whoIe compr~on
in the engine its.df and by the engine piston, ssin the tintmIution. Only extended and careful trial will preaumabIy
be able finally to dwide which is on the whole the better solution of the two.

The reserve necesary with regard to military mattere makes it unwise to attempt to give any wc-ount on this occasion
of juet where the matter stands with regard to this probIem, but it will at least be safe to note that it is a probIem which
is attracting much attention and study on the part of the variow alhd Governments, and that much vah.wble infor-
mation is being developed, and on which we may hope that some satisfactory edution maybe based.

Tm AIs SCREW.

We now turn our attention for a few moments to one of the most intricate and interding of the many problerne
preeanted to us, that of the air screw or propeller.

The function of the air screw M, of course, to take the torque of the engine md to tnmsform it into a propnfsive
thrust; or otherwise to take the power given by the engine to the crank shaft rmd transform it into driving or propulsive
power for the air plane. The probIem is further complicated by the fact that, expressed fn terms of a power rdation,
it is not aimply the quedion of an engine handing so much power over to the air mrew for the Iatter to tmmsform into
propulsive power. Instead, the power which the engine itself can develop is dependent on the propeller sad likewise
on the airphme to which they =e both attached. We have here, in consequence, a ties of complicated impLicit
relations, and from which the propulsive characteristics of the pkme-propelkengine combination take their origin.
In fact, it must never for a moment be forgotten that the moving airplane iEin effect an airplane-motor-propeller com-
bination and that no one of the three can be determined independent of the other two.

Without entering into any detaikd discussion of this problem, it wilI be clear that the air mew will -erciae 5

controlling iduence on the power which the engine can deveIop. Thuq it is evident that an aeronautical engine, in
order to develop POW=, mnet be permitted to move its pistone, to revolve its crank shaft, in other words, to make revo-

—.-—-
.- .

.— -
- -. .

— .-

—

.
..-_ ____

.. —.-
—.._

. —..—
.-

-. -,----

----
-

.-
-—

.
._—.=

.-

,--

.- -——.
-

..—- .*

-m+
_______

—.



40 ANITUAL REPORT NATIONAL ADVISORY Committee FOR AERONAUTICS.

—
Iutiona; and, other tbinge cquaI, the power developed will vary directly with the revolution which cau be realized.

A-&u, it ie WY to H tit the tie ~d amomt of smfwe of the W ecrew blades will print a controlling feature
tiw tie ZWOIUtiOMwhich ~ be *cd. Thin, the h ecrew may be enormously overeize, too lmgein diameter,
and prexmting a Iarge and unwieldy eurface to the air. Suppose thfe to be the ceae with a plane of size suited ta the
air screw but not to the engine-that ie, the engine ia far too d for either air ecrew or plane. In euch caea the engine
simply wiIl not be abIe to make i.tenormal number of revolutions. It wiIl be held down by the exceAve reeietance tQ
rotation presented under such circumatancw, and may the develop far lees than the normal power which it is capable of
under proper conditions. Many other combinations may occur which we can not atop to dimuee or even to mention.
Broadly epeakirg, the pIaue, the engine, and the air screw ae the propelling agent form a mwt closely knit combi.
nation, and each interacts in a more or leee controlling manner on the operation of the other two.

In order even to make a start with the problem of the air ecrew, it ie therefore nece.mary to aseume Condition
regarding both the plane and the engfne. If thwe conditions ae ~ed are then realized in practice, and if the design
hea been well carried out, tie anticipated rwmlte may be reached. If, on the other hand, the emurned conditions are.
not realized ae regarde the plane and the engine, then no matter how well the deeign of the ah screw may have been
carried out, the anticipated rwulte will not be realized. No matter how god the air screw maybe by iteelf, no matter
how carefully designed and constructed, no matter how faithf~y, it nuty be able to reaIize the condition for which
it ie deeigned, if there are not the condition under which it ie actually placed for aeMce, the results, economic and
otherwiee, will be unmtiefacWy; not nece+mrily by reeeon of anY fault in the air ecrew m ench, but due airnply to ib
lack of adaptation to the mnditione of operation. h effective air ecrew iEtherefore not only one which ie properly
deeigned and constructed in itielf, but afeo one which k permitted to operdte under the conditions intended and
contemplated in the deigg.

The general problem of the air ecrew ie by no meane, howev~, to ~e cl~d ~tinctiv~~ae ou=ding. ““Inetead
an enormous amount of work hae been done on it, both theoretically and experimentally, and in ite main featurw it
haa been brought fairly within the limite of a solved problem. There have been three modee of approach, briefly M
followlc

(1) The anal@, geometrically, of the blade of an air mmw into a serk of elemente occupying each a mUTOW

strip running ac= the blade from leading to following edge and making UP, by thir summation, the bhfe, ae a whole.
Each of theee elemente or stripe ie then coneideaad as, fn effect, a little elementary areofoil end for which the ueud
aerodpamic characterietice me readily determined, eith ?r by direct *x@ment on a model or by selection or inter.
polation from md among the large amount of available data regardingeuch areofoilewhich have already been cub.
mitted to experimental instigation. With such dah in hand relating to the Eeriwof elementegoingto make Up

the blade, it ia a matter of eimple computation to combine them in such manner ee to represent the action of the blade
ae a whole, under the condition amumed, and thue, in ganerd terme, the problem ie eolved.

(z) A law of similitude ie amnmed and a small model propeller ie *ted out experimentally and under conditions
which pemni~ under the law of eiditude ammed, the translation of the oksarved reaulta for the mochd into the
probable reeuh for the full-eized air ecrew.

(3) FulI-sized air acrewe are ~ted out ee near]y ae =Y be ~der flying-conditione and are made ~e ultimate
baeia of design.

The Ifmitatione of method No. 1 ariae from the following:
(a) The coetticiente derived for areofoile corrmpond to stmight line motion between the air and the foil, wlwreaa

in t he air ecrew the relative motion ie in a helical or spiral path.
(b) The actuaI vehmitiee for which euch coefficient are dwived are uenally for speeds not exceeding w or 70 ties

per hour, whereaa tie actual ap+mdeof the tip elements of air-ecrew bIedw may move at speede of 600m. h. and upward.
The extant to which the ueual square of the speed law maY be extanded to such vabm iE not ae yet fully known.

(c) The coefficients ueed are derived for the varione areofoil aectiom or elements individually, whereae in the act~l
air screw they all act conjointly or collectively in making up the air+crew blade.

Application of methrxi No. 1 can not therefore be made except in ao far ae it fe jnetified by actual and find experi.
ence on full-eized forma under fly5ng conditions.

Methad No. 2 (that with reduceddze models) hae the fimitdion that the law of similitude employed ie of necesity
not exactbut apprdrnate, and the degree of reliance which can be placed on remlte thue found can again only be
determined by uftfmuta reference to full+ized forme order flying condition.

MethodNo. 3 (that wfth full-sizedformaunder actual flyingconditions)hae the limitation of very high CM, both
in equipment and time, and u a result of which on.Iya relatively d number of formacan actually be enbjectad b
adequate test in this manner.

Again, method No. 1 (that of computation baeed on coefllcientzdetermined by Iaborakxy experiment) k the
advan~ ofrequiring only a pencil and pad ofpaper with a table ofpredeterminedcaefficiente. No. 2 (that with the
small Iucdele)hae tie advantage ovmNo. 9 of relatively small cost, of permitting the teeteto be carried out in a wind
tunnel with all condition under control,and WIy to permit ofcanying quickly throughthe teat progrRMa very ]%
number of typee and forme. It should, perhape,be Bkted here that ae between methodeNo. 1 and No.2, the latter is
accepted ae much the more reliable of the two. In fact, it ie not too much to eay that when used with judgment, it
furniehw a very eatbdactoryand well-nigh univemally accspted method for dealing in a laboratory way with moat
problemsofair-ecrewdAgn and operation.
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‘1’fwAepfuw= which thue stand out represent in effect the lack of an adequate correlation between the three raethode
of approach M above dawribed.

It is obvious that if we conId develop an edequate and reliable correlation between the reeulta of the computation
according to method No. I, and the find teet under flying condition according to method No. 2-if, in other wor@
we could adequately determine the error of h-o. 1, and hence the correction to be spplied in any given case. then a
pencil and pad of paper would gos long way toward furnishing tbe material for the eolution of the probIem of air-ecrew
desigq once that we are permitted, of couree, to assume a definite set of operative conditions.

Or, again, if wa could know more accurately and more widely the character and amount of error ta be anticipated
in theme of the small modeIe according to method 2, we ehould be fn a poeition to nee the experimental model method
with bettar amrance of definite and reliable reeuh for the fulkized screw later to be conetzucted.

It eeeme likely that thie final correlation of computation with nhi.roate tit may beat be made in two etagee.
The ffret should comprfae a camfid study of the relation between the rmnlte derived by the computation of method 1
and the model teeta of method 2. Such a correlation would then petit us to pam readily from the reaulte by computa-
tion to the probable resnlk by model.

The second correlation ehould then comprim a mrk of compamtive tests to determine with mfljcient generality
of application the character and amount of correction to be applied to the reaulta of modeI teat in order to wkfsfactotiy
reproduce the reeulta to be expected from ftdI&d forrne.

Tbie would by no meanerequire tie testing of a fuIl+ized formcorrespondingto each model. If eo there would,
of come, be no uae in making model tseta. The wholeprogrammight ae well be carried out directly by tests on ftdl-
eized forme. It appearereasonableto expect, however, that a well+electedand not toonumemw eeri= of tests, prop-
erly distributed amongthe variouecharacterieticaofform and of operation, would eerveadequately ta give t.hacorre-
lation desired.

TWtheuch correIationeeetab~ed we ehouId then have two methode-~ca. 1 and 2-avaifable for the design of
air ecrewe. Ito. 1 available with no more than a pencil and pad of paper (once tie eteadard eection coefficfentade-
termined) and No. 2, by model, ready to enpply a vast amount of detied information regmling operation under
varying condition, and which may be redieed mpidly and effectively once the model is made.

If we have spent so much Limeover theee mattere relating to the air ecrew,it ie became of ite importance aa an
element in aerial navigation, and in order that we may tie better note juet what part of tbe general problem ia etill
outstanding.

‘l?hie,ae we have seen, Ike primarily in the matter of the comelation between the three methode outlined. ‘There
iR, indeed, need for continuing experimental reeeuclq wpecially on eptematically selected form% both model and
full sire; and MIChcontinuing erpelirnental work combfned with carefully directed etudk of correlation will go far
toward giving ua an aamred and adequate beaie for the practical mlution of the air-ew problem ae applied to aerial
navigation.

Reaction beluxen air screwand pfane.-Perhape the widest and mazt important outstanding problem in connection
with airpke pmpnkdon hae relation to the reaction between the plane and the propefI&the fntluence of the struc-
tures adjacent to the propellar on ita performance, economic aud otherwiee, and the inlhence of the propeller on the
pkme, both w regarde ita lift and ita net rwidmce to propulsion. Thie ie a field which ie largely outstanding. It
must be attacked chiefly by the experimental method-by model with multi checked up by mmpariwn with fuU
scaIetriaIa mfera8pmctical.

WZtipk air screw on w #k#t.-Of a cImely relatad nature is the problem of the interaction of two or more air
screwe on one ehaft. Thie is a problem which ie becoming of importance in connection with the increaae in power of
airpl~e Po~~ Plank ~d with the fitting of more than one air mew on the game s~ft.

‘J!hielilcewiee fas problem which muet be approached experimentally-again through model reeearch checked Up
by comparison with full scale teets. A beg-inning has been made on thfe meet important and interesting problem,
and we may expect in a not dietant future to tid it brought within fide of control tier to thcee fmrroundinglhe
problem of the individual air screw.

Air screw with aijwfabte @M.-In addition to theee pmbleme which relate to airpleae pmpufeion in ite general
aepect, and more eepeciaUy when for the cake of eimpficity we rxwme that the airphme remeina under a uniform r@-
men ea regards external conditions, there tie a problem of very great pwent importance, that of come form of adjust-
ment in the technical characterfatfca of the plane ae a whole permitting it to be made reepcrmdveto variations in the
regimen of operation, ae, far example, chmge in the density of the air due to change in altitude, or clmge of regimen
required for climbfng tlight aa compared with horizontal @ht.

In connection with the prime mover, mention wae made of the very important probIem of maintaining power at
altitude in spite of tie decrwe in the density of the air. In reality thie problem ie very intimately bound up with
another of ecarcely lea importance, that of devieing mwma for effectively using euch power for propnleive pnrpcsea.
‘iVithout attempting any technical diacmeion of the queelion it will be apparent that the whole pmbIem of the opem-
tion of the air ecrew aa a mama for abaorbing the power of the prime mover and converting it into the propnleion of the
plane wilI depend on tie densiw of the medium in which and on which it operatee. -, in climbing flight a part
of the weight of the airpIane ia carried by the pull or thruet of the air ecrew. In horizontal flight it ie all borne by
the planea @rnn@ the afr-ecrew shaftthenhorizontal). Hence the pull or thrust of an air emew, and, indeed, its
whole regimen of operation, may vary widely acmrcbg ae the plane ia climbing or ffying horizontally. It thue seems
resaonable to conclnde that for the best rwulta there ehould be provided mme mode of adjustment or compensation
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so that the air .mrsw, as it finds itself operating in a medium of contfnrrouely decreasing density, or ae it finds itmlf
caI1edupon forvarflngsmount eofthrust or pull with varying auglw of cIhnbfngfligbt, may be correapondfngly adjueted
in order to give continuoudy the beat Iwulta.

The problem is further complicated by the fact that the airplane itself neede a correlative adjnetment. As we
have already men, the one factor in aerial tlight which remafne mneibly conatmt under aIl condition and at aIl alti-
tudes of flight is the weight of the plane and ite equipment. The vertical supporting force gained from the reaction
of the air muet, therafore, be maintaind conetantly equal to thie weight at least for the condition oflmrizontal tligh~
while for climbing flight the vdght will be divided and borne partly by the supporting planea and partly by the air
ecrew. The problem of the economic uea of power at varyiw altitudea and under varying anglee of climbing flight
involva, therefore, the following chief elementi:

The weight of the plane.
The eurface of the wings tmd their aerodynamic charad.erietice,
The angle of attack of the winge.
The epeed.
The power developed by the engine.
The revolution of the air screw.
The area and form of the bladee of the air ecrew.
The pitch of the air Hcrew.

These various factore react and interact in a meet complex manner, and any attempt to dfecuae the problem in
detail would carry UEtoo far afield on the present occaaion. We may note, however, that the angle of attack is the
one feature about the plane whichmay readily be varied, vihilethere ie no feature ofthe propulsiveagent, the ordinary
air ecrew,whichadmitaof equally eirnplecomeIativevariation. WhatiEneeded with regmdto the air mew ie, indeed,
comemeam of realizing an adjustment correlative to the changein the angle of attack for the plane. To thie end a
changeof pitch ie meet suitable, come means of varying, at the will of the pilot, the pitch of the ecrew in order that,
with the fixed diameter and area of surface, and with the work available per resolution of the engine ae affected by the
deneity of the air, the pitch maybe eo adjuetd ae to secure the number of revolution beat adapted to the economic
use of the power given out by the prime mover. Thie will then insure the thrust needed to overcome the redetance
of the plane at the angle of attack and speed which taken conjointly will gke the lifting force needd to support the
weight of the plane, either in whole or in part, according ae the plane ie flying horiaantally or climbing.

All of thfe mmewhat mmplicatd st9tement means tiply that what k+wanted iEan air ecrew with bladeeadjtutable
for pitch. Such an air ecrew may be realized by m pivoting the blades that they may be turned about a radial axis,
thus changing their angle relative to the axie..ofthe ecrew.itself. Extieme chaxrg~ of euch a charactar reauIt in a very
wide variation of pitch from root to tip, and in the end will result in a serious km of efficiency. There are, therefore,
two probleme involvwl:

(1) The aerodynamic problem of determining the bit form and propo~ons “ofan air screw, the blad~”of whch
are intended to be pivotable in thie manner, eo that under the widely changing conditions of flight whichmay be
met with, there may be effective opwation and a well-euetained efficiency.

(2) The mechanical problem of so deeigning and building an air sinew with adjustable bhuies that it will meet the
rigoroue rqriremente imposwf upon it by the exacting conditiom of airplane navigation.

It ie perhaps not tca much to eay that the first problem iEalready well in hand. We know reasonably well what
forma and proportion to give to such an air screw, and if it waEonly a matter of design or of the determination of form
and proportion the problem could hardly be cahi outstanding.

Ae much cannot be mid regarding the trocondproblem. The practical construction of an air ecrew with adjustable
bladea fe not an eaay matter. Several modes of construction have been attampted but wfth only mrKkrate euccees.
The problem Mclearly defined, of the highest order of importance, and iEoutstanding aEone of the appliances for which
the art of aerial navigation fe definitely in waiting.

STABTLH’Y AND CONTROL.

The thrm fundamental requieitw of an airplane are strength, movement, and stability with control. We have
noted come of the probleme arieing under the requirement of etrength anctmmwmm t or propulsion. We may now
turn very brietly to a glance at the situation regarding stability and control. Any detailed dimumion of these problemg
would be quite out of the qumtion on the present occasion, rmd time in any event will only allow us a brfef glance at
the general uituation.

Regarding stability and control it ie not foo much ta eay that the genemd principle underlying theee character-
ietice of an airplane are now reaecmably well understocxf, due largely to the splendid theoretical and experimental
investigation initiatd by British ecientieta, and to which certain workere in the same field in the United Statca
may have contributed eorwthing, and by no meam overlooldng certain important contribution by French and Italian
invcdigators. These invwtigptiona, both analytical and experimental, have placed the study of time eubjecta on a
rewnably sure foundation, and have eerved to mark out the way to secure any dwired d~ee of stability which may
be deeired or which may be coneietent with other vrduable qualitiee. We are here confronted with one of the
situation m frequently encormtcmxf in saentitic and tachnid work, where a choice muet be accepted on some middle
ground between wide SXtremWfand where the attempt to secure some dafrable quality in high dtgree may lead to a
limitation of deeirable qualities in other directions.

.
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So it ti with stability and control. If stabilityis carried toan extrerm+ thenmobilityand quickn~ of ueuv~g
are reduced and control in the sense of ready rmponse is Iacking. For military purpoees, especially for machinea of
the fighting type, where mobiLity ia of the highest importance, tbie would be a Kerionashortcoming, and hence such
macldnea cannot be given too much stability in the ordinarymnee of the term. On the other hand, forhaavy machinee
of the bombing type, where mobility of evolution is not m vitally important, the margin of stability may be greater.
Going to a still further extreme, it is perfectly eaay ta build a cafe, moderate speed family carringe sort of machine,
which wiIl be stable and eecure under almoet any condit.ions likely h develop. Such machinee would be scorned by
tighting pilots, but when civil aeronautic begine to come into ita own after the war and under peace conditions, and
there cornea a demand for mfe machinea for civil purpcses, including family outings for the week end from the city to
the country or to the eeacor&, then we may anticipate a Iarger recognition of the quslitieamaking formfety and stability,
and we ehall find mtiinw provided having such characteristics md in practically any desired degree. Here again,
however, there will be degrees of choice, becauae it will be found that with too high s degree of etability what may
be tamed the riding qualities of the phne will be poor, while with low stability the riding qualitiee may be much
smoother.

The general problem ia, therefore, pretty well eolved, w far w the groundwork ia concerned. This does not mean,
however, that there h nothing further for ua to learn in this connection. There are many problems of a detailed nature
inviting the student of this fascinating field of study, and the eolution of which will eerve to round out and broaden
our general graep of the problem. In particular, we need further study on the inte.mction between elements which
inanre 8tability and thcwe which permit mobility and readiness of rwponae to control agencies, to the end that we
may control more effective y the combination which may be dwimd regmiiug atabilit y and mobility of evolution.

Again, whiIe the ef.ementa of control are well undemtaod, there is room for further etudy aa to the beat meane
of actualIy developing the control forces required and of applying them to the plane itself. Theee are pertly aero-
dynamic and partly structural problems, each phase reacting more or leas on the other.

One inatince of probkms of this character will eerve to illustrate the type.
We know that an airplane ia provided with rudder surfaccn of two kinde, one h determine movement in a vertical

motion, up or down, and the other to determine horizontal motion, right or left. But three motio~ vertical and hori-
xon~ amume that the plane itself ia horizont.d or eeneibly m. However, when a plane is circling on a steep spiral
or making a quick turn, it ie inclined or” banked” in order to avoid side dipping, until, in exireme cases, the wings are
nearly vertical, and frequently much more nearly vertical than horizontal. In euch mew the functione of these control
eervima are reversed. Thoee which, with normal aspec~ aezve to produce movement right and left will now serve to
detmmine motion rather in a vertical direction, and those which formerly serred for movement up and down will now
me to determine motion to the r@ or left. For intermediate anglea of bank each eet of control aurfac~ will give
control forces in both directions, up or down and right or Ieft.

Now, it ia by no meane sure, hwring in view this double and interdumging function between theee two se~ of
mrfaces, whether we have ea yet realized the ultimate and beet arrangement either ae regarde the eurfama themaelv~
or their control by the ptiot.

It seems decidedly probable that we have not and that come ~ent yet remainatobe deviaedwhichwillbe
more effective in the matti of tbia double and interchmging function of control and drnpler in its relation to the pilot.

AEMAM ENT ANDINSI!EUMESTS.

There dill remain two large and important fielde, rich in aeronautic problems. The are armament and instru-
ments. I ehall attempt no more than the briefest general reference to these two clases of probkme.

Three arhdng under the head of armament are, of couree, strictly military in character and but little of interest
could, in any event, be said in a public MI-. Such problems rdate naturally to the number, typq and eixe of guns
ta be carrbi, their mounting and special sights; bombs and devices for cauying, aiming, dropping, efc.; queetiom of
armor and protection of vital parte againet -e or ehrapneI burata, etc.

Exprwsed in their moat general terms these probIeme rcdve themaelvee into an attempt afl aIong the line to
meet the requiiemente imp~ed by the dedred military H of the plane and ta anticipate or impmve upon the devices
and de.aigneof the enemy in the same fielde.

Regading inatrumenta, Iittle mare apecbic can be mid. This field doa, however, bristle with problems of the
high% interest to the ecientiat, and may well challenge hia best effor@. It Minteresting fa note the extent h which
the modern airplaae haa become a flying meteorological and phyaip laboratory. Thus, a recent Eat of airplane iMtru-
ments shows some 25 or 30 different fnetrumenta and devicee, not indeed all to be auried on one plane, but all included
in the general aeronautic rditary program and each eerving some specific and important purpme.

Vi3th these inatzumenta, a9 with armament, the probIem reduce themeelvm ta an effort to meet the miIitary or
the na~tionaI and operative raquirementa of the aitnation, and in thea daya of war in particukm, h anticipate or
impmve upon the eirnhr devices and designs of the enemy.

Much of the work relating h these problem mder armament and inetmunente ie rdredy done and well done.
There do remain, however, many probIenur, especially of detail or of impmvement, and which must be cmaidered aa
outstanding; but of them I uhall attempt no mention or diacumion.

By way of conclusion, reference may, for a moment, be made b a problem of the most vital and far-reaching
economic importance, and which will be upon ne with the arrival of peace conditions. This ie the problem of the beat
economic utilization of the enormous investment which haa been made in aeronautical production, espreeaed in terms
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of money and human time and energy, and now reprwanted by factoriw, machinery and equipment, finished product,
trained fndnetrial on@nizations, human skill, and productive capacity.

The dscuasion of such a problem might well occupy our careful attention for the entke hour, but I can no more
than mention it hereby name. We can, however, scmcely ovmmggerate ita importance, and the appointment of
importance commissfons in England and in the United States for the study of the problemsarising unti thiEgeneral
headisan evidencethat their seriousimport isappreciated,and wemayhopefullyawaitsuitable measuresofadjustment
_ ths dcYwh~ we WY again turn our thoughts h the occupationsofpeace.

And m with all our problem+we can only lock hopefully forwardfor the future to give to us such measurcaof
answeras our patience and study may merit.

The general probbms enumerated in the preceding annual reports of the committee have
in part constituted the program of work during the past year. Progress has been mado in the
scientific study and solution of thwe problems which are considered of immediate importance,
and they will be attacked on a larger scale by the committee with the increased facilities and
talent which will be available at the committae’s research laboratory at Langley FieId after
the war.

A. Stability as de.ternined by muihernaticd invee@ztion.-A number of isolatid expmimenta
have been made upon the stability of airplanes, and the investigation of the behavior of airplanea
in gusts has been mntinued, Part IIr appearing in “@is volume as Technical Report No. “27.

B. Aimpeed metemand a-eronmdic htrumentg.—The officers in the Air Serticos of the Army
and Navy have to a largo degree handled the development of airp~~e instruments @ their
own organizations, and it has been necessary only in rare casw to conduct independent investi-

— —

ga.tionalooking toward the improvement of exbting iqstrumente. For example, the committee
investigated, through the subcommittee on navigation of aircraft, aeronautic instruments, and
accessories, a centrifugal type of tachometer desigged by a Rtissian engineer and aftir finding
that it possessed certain advantages over existing types, called it to the attention of the officers
of the Air Sarvice. Various other intwxding instruments have been experimented upon by the
committee, among which was a vertical rate of climb indicator sent to this country from Holland
at the committae’s request. The development of the Zahm Venturi aimpeed meter has also
been carried on extensively by the Army authorities with a view to reducing the head resis~nce
of the pressure nozzle and its support. The committee has been activo in suggesting improve-
ments and in proposing investigations looking to the improvement of these instruments. These
investigations have in the main been carried on at the Bureau of Standards.

C!. Wing aectiom.-Exten&e data exist in relation to the aerodynamic propertied of wing .
sections, but in widely varying forms and in different publications. An effort hs boon made by
the committee to collect all of this data in one compilation, where it is presented in a uniform
manner and in such a way as to make it readily available for the purposes of the designing
engineer. In addition to data already published, investigations have been conducted under
the dwection of the committee upon new types of wing sections. Starting with the section
called “Durand 13,” which was the section at tho @rich radius of one of the model propellem
used by Dr. .Durand in obtaining the data given in TechnioaI Report No. 14, of the third annual
report, much work has been done at the MassachusettsInstitute of Technology under the auspices
of the airplane engineering department of the Bureau of Aircriuft Production in developing
thick wing sections suitable for internally braced machines. Some sections haye also been ._ . __..
developed with a high-lift cooficient and having comparatively high L/D values at small values
of the lift ccmflicient. The investigation of wing sections is being continuedby the committee
with a view to searching for forms having specially desired characteristics, as, for example, a
minimum shift of the center of pressure with change in the angle of attack, Combinations of
supporting surfaces are also being studied with a view to the determination of their mutual
reaction and interference. Special attention is being given tandem arrangemrmts.

D. Engine8.-The most outstanding feature in this field of aeronautic development in this
country is the continuous improvement ~d power increase of the Liberty 12. The fit eight
months of the year witnessed the power per weight ratio, as expressed in pounds per horse-
power output, improved from 2 to 1.85 when- the Giigine was operathig on 68° B. standard
gasoline at the standard reference.speed. At maximum power this is further reduced to 1.70
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pounds per horsepower. With special fuel, the flgge for standard speed is further improved
to 1.75 and for maximum power to 1.65. This is a very creditable accomplishment and indi-
cates that heeJthy development which cm be based onIy upon a correct engineering foundation.
Of interest iu this connection is the note on “Evolution of aircraft engines” in another part
of thi9 report.

Liberty 12 production dur@ the period from January to November 1, 1918, increased
from 1 engine per day to approximately 150 per day. At this rate of progrea a daily pro-
duction of 230 engines would be reached by the &et of 1919. This demonstrates conclusively
that while the modern high duty aircraft en@ne necessitates a rather intricate mechanism and
calls for the utmost accuracy in many of its parts, it is quite possible to produce it in large
quantities with American manufacturing methods. It is, of course, essential that the design
should be made in the light of a proper consideration of the %itations and advantages of
Ameticm manufacturing methods if such production results as have been demonstrated are
to be expected.

AIthough the Liberty 8 wee the original form of this development, it had been superseded
by the 12-cylinder model, owing to the demand for increased power in two-place combat
machines. However, the development of and preparation for production of the 8 was undertaken
during the latter half of the year, in order to round out the progr~ for .mmbafi macti=. -

The extensive use of C?urtissOX-5 enginee for tr- was made possible by the satis-
factory development and large quantity production of this model. The HaII-Scott A-7a vw
used in some training phmes dur@ the early part of the year.

D-1. The manufacture of engines of fore&gwdesign has been materially advanced during
the year. The 300-horsepower Hispano-Suiza has been succedulIy deveIoped and production
on it was started. This engine has given some remarkable results in specific power output
and thermal efficiency. Like the two Liberty models, it is intended for use largeIy on combat
airplem.

The Hispano&iza 150-homepower, as well M the Le Rhone 80-horsepower, and the Gnome
1~-horsepovmr revohing engines, were produced in quantity, although the Gnome was used
only to a limited extent. U of these engines were used for training purposes.

D-2. The comprehensive radiator rasearoh which was begun last year has been completed
in some of its phases. It is believed that the results will prove an importmt aid to the
development of rational methods for designing and placing airplane radiators. Some rather
revolutionary results have been secimed in the effort to reduce the ratio of head resistance to
radiation capacity. (See Technical Beport No. 43.)

The complete mathematical amdysis of the fundamentals of the transfer of heat to a moving
air stream is under way, with a view to the establishment of the correct conception of such
phenomena. This analysis is be~~ checked continuoudy against the experimental values
obtained.

●

D-3. The vacuum chamber for testing engines under the conditions existing at high
altitudes, which was built at the Bureau of Standards during the past year, has been in con- .
tinuous use in connection with a comprehensive investigation of the propertied of a large num-
ber of hydrocarbon fueIs. Much work has aIso been carried out by way of investigating the
effect of variations m pressure, temperature, humidity, speed, compression, carburetion, igni-
tion, etc., on the performmce of aircraft er@=. Most of this work has been done tith the
Hispano-Suiza 15o horsepower, although the Liberty 12 has also been under test. However,
the latter proved rather too large to handle canveniently in the present chamber. (See
Technical Reports Nos. 44,45,46, 47, and 48.)

The altitude chamber has proved to be a very material aid in the higher development of
aircraft engines and fuels. Therefore, two new chambers of larger size are being constructed,
together with a new laboratory building to house them. These chambers are so interconnected
that the total refrigeration and exhausting capacity will be availabIe for either, and it will be
possible to test water-cooled engines as large w 800 horsepower; *O air-cooled engines up to
about 350 horsepower.
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D-4. A somewhat simplified vacuum chamber has been built and used for the study of
the functioning of various types of carburetors under varying conditions of pressure,temperature,
and throttle opening. Much valuable data has been secured which has thrown light -on the
problem of compensation for altitude. Two forms .of automatic compensation devic& have
been developed by its aid, which have given remarkable results under teat. (Se,eT&.ihnicaI ‘ ‘“ ‘-
Reports Nos. 48 and 49,)

.—

D+. The problems of lubrication and lubricants have rec~ived much attention and many
comparative tests have been run of various oils in atiation engines mounted on a torqua stand.
A special single cylinder Liberty engine has been fitted with devices for the measurement “of
temperature and pressure at all of the important bearing surfaces, and this should furnish data
of marked value in the study of this problem.

At the same time, a comprehensive research has been con&cted k“ the-laboratory, having
for its object the determination of more exact conceptions of the relations~ps existing between
the various properties of lubricants.. Some intere@ing results have been secured which tend to
show the inadequacy of present specification methods.

D+. The development of fuels productive of maximum power output, combined with
. .

high thermal efficiency, has received attention and much has been learned. The reauh have
served sa the foundation for a new series of spectications for the several grades of gasoline best

.,-

adapted to the requirements of different branches of the air service.
The properties of many mixtures of gasoline, benzol, alcohol, etc., have been investigated,

as have those of a number of hydrocarbons which have been chemically modified. Gaeoline-
benzol mixtures and “hydrogenated” benzol have shown interesting results, by permitting
higher compression pressures and temperatures with resultant increase in power output. (See
Technical Report No. 47.) ,

In connection with the fuel research, a comprehensive investigation of the phenomena of
flame propagation and combustion has been inaugurated and special apparatus constructed for _
securing accurate experimental data.

D-7. The work on ignition problems has been largely concentrated on the perfection of the
spark plug and the study of the current characteristics of magnetos and battery systwns. A

‘ new porcelain has been developed by the Bureau .of Standa@’ Ceramics Section, which has
-.

greater mechanical, thermal, and electrical strength than any that had previously been produced,
either in this country or abroad. This constitutes a marked advance in the art, and the formula
of this porcelain has been adopted by a number of manufacturers.

The work on current characteristics of different iggtion system” has been of great impor-
tance in connection with the effort to determine the exact properties of ignition sparks which “
insure the most effective iggtion with the least energy expenditure. This research is as yet
incomplete.

The &fect of the auxiliary gap, of differing electrical characteristic, on the restarting of
fouled spark plugs is under investigation. Although not yet completed, it has been shown that
the correctly designed auxiliary gap is a very valuable aid in overcom~~ the effects of defective
carburetion and cylinder lubrication.

D-8. The problem of supercharging aeronautic engines, b’ order that the power output ‘“-
shall not fall ofl with the attenuation of the atmosphere at increased altitudes, has been the
subject of much experimental development. The resulte have been very encouraging, a power ‘“
output having been obtained at 14,000 feet elevation which was equal to that at sea level.
Also, it has been demonstrated that the power output can be increased some 30 per cent at sea- -- ““-”
level without serious difhculty.

The solution of this problmn will rmult in the attainment of much greater speeds at high
altitudes than those of present airplanes. As most of the long-distance flying will be at high
altitude, the importmce of this problem is evident; “’!&i seviwal interesting types of apparatus
are under intanaive development.
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E. PropeUers.-The tests of air propellers described in Technical Report No. 14 of the
third annual report have bean continued during the past year, and the results are given in
Technical Report No. 30. h these tests model propellers were selected with a view to broad-
ening the field covered in the previous investigation. A pitch greater than that previously
used has been experimauted upon, together with varying degrees of blade offset, but with a shape
similar to ones previously used. Several propellem of the first series but with less camber
have also boon tested. Ih addition to these new models, tests have been made upon the stand-
ing thrust and power of all those previously tested as well M the brake effect (negative thrust
at low revolutions) of some of these. Some special experiments have also been made, one
using two propeUers in series revolving in opposite directions; another upon a model constructed
in such a manner that the blade angles could be varied throughout a considerable rmge, thus
furnishing some data upon the subject of the variable pitch propeller. Experiments have alko
been carried out upon model propellers designed and submitted by the Army and aIso by indi-
vidual inventors where the desi=m submitted seemed to offer some promise of advancement in
the development of air propellers. The committee is ext+ding the investigation of model
propellers to include extansive determinations of the mutual reactions or interference upon
adjacent structures, such as fuselage or wings.

Apparatus and equipment have been made available which enable free f&ght determina-
tions to be made upon full-sized airplane propeller performance. It is intended to develop
from this work definite relations and coefficients which will enable the designer to make the
transition with accuracy from model tests conducted in wind tunnels to actual fu.lhize per-
formance. An analytical investigation of existing experimental remdts on model propellers is
in progress with a view to making available to the designing engineer definite and accurate
data upon which to base the calculations of performances of aerial propellers. Theoretical
considerations have also been discussed by Dr. de Bothezat, who has devdopcd formulas which
add materially to the data already available for this purpose. (See Technical Reports Nos. 29
and 30.)

F’. Form of airphe. —During the past year there has been no further uniform investigat-
ion of this subject. Numerous isolated tests have been made which do not, however, add
much to the general knowledge of the subject. &uong the large number of inventions exmnined
by the committee during the past year have bean many proposaIs for variation in the form of
airplanes, but none has contained points of material value in assisting the development of the
science.

G. Radio comnwnica&n.-The problems of intercommunication betmesn airplanes md
between airplanes and ground have been develop~ and have provod of great assistance to the
milita~ and naval air forces. Methods of intercommunication, both by telegraph and tele-
phone, have been perfected. Chsiderable experimentation has been carried on at the Bureau
of Standards relative to securing a winddriven generating unit giving constant power output
at all airplane speeds.

H. Meteorology in relatwn to aeronuutic&-Considerabl.e -work has been done by the sub-
committee on the relation of the atmosphere to aeronautics, aided by the staff and facilities of
the Weather Bureau, toward making avaibt.ble to pilots and observers information regarding
those properties, characteristics, currents, winds, and detailed meteorological conditions of
the free air which are of special importance ta aeronautics and the safety and economy of
aerial navigation.

h effort has also been made to ancourage the systematic investigation and observation,
by mems of kites, pilot baTloons, airplanes, etc., of atmospheric phenomena, and, through the
agency of the Weather Bureau and otherwise, to provide for the general dissemination of advice
based upon obsemation of atmospheric conditions and to assist in the application of the results
of investigations of the p~blems of aerial navigation.
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PHYSIOAL PROBLEMS.

Besides the more general problems the following problems of. a physical rather than an
aeronautical nature ara of particular interest, and under same the foUowing progress is noted:

A. Noncorrosivematwiak.--’l%e attempt to prolong tho life of iron and stael parts in service
by protecting them against corrosion has led to the investigation of many materials and proc-
esses for coating. These protective materials fall into threB general classes: (1) Metallic
coatings; (2) coatings in which the iron tO be protected is itself mnvmtid at tie. surface. ~~
some inert compound; and (3) organic coatings, such as paints, va@ahes, e~els, etc. The

.

organic coatings have received no attention by this cmnrnittoe, but those mentionod “b (1)
and (2) have been extensively investigated through tie subcommittee on noncorrosive materials.

The metallic matings include all the m~on rnetik Nd ~OYS .Which ~ be appli~ !O
steel, namely, zinc and ah.minum, which are electropositive to iron, tin, lead, ‘f terne” ud
other l~d alloys, copper, nickel, cobalt brass, bronm, and silver, alI of which are electro-
negative to iron. In the case of the iron compounds the iron at the surface is converted into
an oxide or to some other compound, after which it has been found advisable to give the piece
an oil finish.

The electrochemical effects, the application of the coatings of the various types, and the
resulting microstructure has been closely studied. Methods of preparing the articles for
coatings and methods of testing the coatings have also beeg developed:

B. Flut and embed autiace8.-A number of reports have been obtaimd relative to twb . . .–
conductad at the National Physical Laboratory of Great Britain, which contain valuable
information on stabilizer, elevator, and rudder fins. The committee has also umlertdum a
further study of combinations of control surfaces, with a view to the detmmination of the
most effective methods of steering and of control generally.

C. Terminal connections.—No cmnprehensive investigation of this s~bject has been’&der-
taken, and the iscdated experiments made by the industry have not added materially to the
knowledge of the problem.

D. Constructivenuzt&i.uZ-s.-D-l. A continuation of the work done at the Bureau of Stand-
ar~ through the agency of the subcommittee on standardization and investigation of materiaIs
for aircraft upon the development of substitutes for Iinen fiplane fabrica has brought onto
tho market a type of cotton fabric equal. in quality, if not euperior, to the conventional linen
fabrics. (See Report No. 36.) This development work has been carried on in conjunction

.-.

with the manufacturers, who have materially assisted in the realization of the progress thus
far obtained. The subject of the fastening of the fabric to the airplane frame has also been
investigated, and considerable improvement has resulted in the procwses previously used.
Extensive qeriments are being conducted with the object of supplying the airplane designer
with formulae and curves which will facilitate the designing of airplane fabrica for gey airplanes,
and it is intended to place fabric on the same basis a+other constructional materials used in the
airplane structure. The study of the use of silk fabric has also progressed with a view””ofpro-
viding a ramrve material, should the supply of cotton fabrics fail as did the supply of linen
fabrics. The study of balloon fabrics has comprised mainly the investigation of ruhhedihns,
as it is definitely known that the deterioration of that part of tha material is such that investiga-
tions with a view to improvement in the cotton cloth are not warranted at this time. (See
Report No. 39.)

D-2. A considerable amount of experimental work has been conducted at the Bureau of
Standards by the subcommittee on stee~ construction for aircraft a,nd the subcommittee on
light alloys upon various alloys of aluminum and other light metallic elements, as well as upon
heat-treated steels, with a tiew to the securing of uniform physical properties suitable for the
purposes of airplane construction.

D-3. A survey has been made of the state of &t of the application of pneumatic tires to
airplanes and it is intended to make a further investigation of this subject.
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E. Generation of h.wyant gas~ for lighr-thwir craf!.-Experiments of a confidential
nature have been conducted by the &my and Navy upon the probIem of the generation of
hydrogen for observation bdbcms, scouting dirigibles, Wd other lighter-than-air craft. Investi-
gations have been made as to the possibilities of hot air for this purpose. Attention is invited
to Technical Reports Nos. 40 and 41, which describe work carried on at the Bureau of Standards.

F. Nomend?uturefw a..3’onautic8. —The standardization of aeronautical nomenclature has
been continued by the committee. The latest revision is contained in Technical Report No. 25.

.—.—

The subcommittee having this subjwt in charge has efEectedcoordination of views between the
..—

Military and Naval Air Services of the United States and the aeronautical authorities of Great
Britain.

G. Speoi&tiom fm aeronautiarl muteriiik —During the war, when the Army and Navy
were the only consumers of airplanes and their equipment, it was only proper that the Army
and Navy shouId prepare the speciilcations for aeronautical materiaIs. The committee, however,
offered vahmble advice to the military and naval authorities in connection with this subject.

H. Biblwgraph.y of a.eromzuth. —The Smithsonian Institution, in 1909, published a bib-
liography of aeronautics. The committee has extended this bibliography up to December 31,
1916, and this is in process of publication as a separate report. The committee proposea to
keep this subject up to date by annual publications in the future.

I. Collection, revision, and iwwxe of repori%.-This phase of the committee’s activiti~ is
treated under the subject of the Office of Aeronautical Intelligence.

J. Limitation of tie of airplarw. —Dr. de Bothezat, of the committee’s technical staff, has
made a serious study and has contributed a valuable articIe on the subject.

FLNANCIAL REPORT.

The appropriation “ NationaI Advisory Committee for Aeronautic, 1917-18,” carried in
the naval appropriation act, approved March 4, 1917, is as follows:

—..-

—

Forscientific rewarch, technical invdgationa, and specfd reports in the field of aeronautics, inchuiing the necw-
awy labora~ aud tachnid amietants; tiveling cmpensea of mcmbem and empIoyeea; rent (dike in the District of
Columbia not to exceed $1,600); 05ce SUPPI% prinb, and oth= m.fscdhumoua expansca; clerks; draftsmen;
peponal serwices in the fieId and in the Dfatrict of Columb& Providivi,That the sum to be paid out of tbie sppm-
pristion for clerical, dmfling, wstcbm% and me=e@=s* for the iiscal year ending June 30,1918, shall not exceed
$12,000; in all, $107,000.

The bakwea under the several iteme of the appropriation “National Advisory Oommittee for Aeronsutim” carried
in the act making appropri.ationa for the naval service for the flecal y= aud@ June 30, 1917, approved Auguet 29,
1916, are hereby consolidatat into a aingIe fund and 11.MJ+be expended by Lhe mmmittsa for ita purpcsea as etat8d in
the paragraph of public act No. Ml, Sixty-third COngrEE%sppro’ved MuA 3, 1916, e?tabliahing the committee. .—

The above appropriation of $107,000, added to the continuing anmd appropriation of
$5,OOOa year for five YWWS,c=ied ~ the act =tabhh@ the committee, made a total of
$112,000 available for the fiscal year 1918.

In order to provide funds for the completion of the committee’s reaewh laboratory at
Langley Field, and for the construction of a tid tuel building, the folIowhg amendment
to the above appropriation was conta~ed k the urgwt deflcimcy act, approved October 6, 1917:

Xational Advisory Oommittee for Aeronautbx SuchPortionof tie appropriation “National Advimry Oommittee
for Aeronautics” csrried in the act making appropriation.a for tiO IISVd service for the dacfd Year ending June 30,1918,

-.

approved March 4, 1917, SEmay be nec=ewy, not to E=CSSCI$46,000, is tie available for the completion of the com-
—..-

mittee’s research laboratory now under umetructi% ad for tie ~ction of additional build.inga necwary in
connection therewkh.

To provide additional funds for rent of office b the Dietrnct of Oolumbia, the following
amendment b the appropriation for the fical year 1918 wss contained in the urgent d~ciency
act, approved March 28, 1918:

Naval Advisory Committeefor Aeronmtics: The titetion upon tie amount which maybe -ended for OSice
rent in the Dietictof Oolumbia for the ihcd year 19M, confid in the mval appropriation act approved March 4,
1917, is increased from W,MMto $3,332.
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Out of the total appropriation of $112,000 for the expenses of the committee for the fiscal
year 1918j the committee reports expenditures and obligations during the ywu amounting to
the total of the appropriation, itemized as follows:

Expenditure and obl@tkm incurred under tlu appropr$ztbn, “ Natkmd A~ry Clmtrnitt.eefor Aemnuutiu,1917-18.”

%rvicea( clerical, tacbnkd, andcontict wink) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . $22,675.55
Equipment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3!3,166.52
Supplies . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9,601. U
T.otitin =dmmutimtti . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . S95.46
Travel . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2,655.27
Buil@mmtmctin . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32,065.20
Ratdoffi~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Z,221.6S
Spwial reperk

The application of the law of kinamatic similitude to the design of airplanea 1. . . . . . . . . . . . . $600.00
Exp~mti r~~Aaon tipropellm. II . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..i... 1,500.00
Inveatigatfon of the elements which contribute to statical and dynamical stabiIity and of

tieeffecti ofvtiatiom ontiUdmmti l. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . l, ZOO.M
The application of pneumatic tirw to afrplanm for the purpoe~ of hmding and taking the ab,

with auggeationsregarding the waya and meana of improving present practicee in the aarne.. 500.00
Tdtionof Itipublimtiom . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 100.00

-2,900.00
..-. ,..

w, 000.00
APPROPRIATION FOE THE FISCAL YEAR, 1919. .

Due to a decision rendered by the Comptroller of the Trmsury on January 10, 1.917,iu
which he held tho National Advisory Comuuittoe for Aoronautice to be an independent
Government establishmen~ the estimates for the fisca!~year 1919were referred to the Committw

-
. .

on Appropriations of the House of Representatives, instead” of ta the Committm on Naval
Afh.irs, which formerly had jurisdiction.

The appropriation ‘ ‘Nationrd Advisory Committee for Aeronautics, 1919,” carried in the
sundry civil act, approved July 1, 1918, is as follows:

For scientificr-d, technfcalinvestigations,and specialreportain the fleldofaeronautic, including the necea-
aary laboratory and technical amkbde; traveling ~ensea of membem and employees; office supplies, printing, and
other miscelfarmue erpeneea; equipment, maintenance, and operation of rwearch labom~, and construction of
additional buiidinge necessary in connection therewith; personal services in the field and in the District of Cklumbia:
%wided, That the sum to be paid out of this appropriation for ckrfcal, drafting, watchmen, and meawnger aervfce
for the fiscal year ending June thirtieth, nineteen hundred and g.ineteen, ehall not exceed $49,000; in all, $200,000,
of which eum $10,S00ehall be avaiIable for printing and binding the bibfiogmphy of aeronautics from July dret, nine-
teen humfmi and nine, to December thirty-fiat, nineteen hundred and eixteen: Pr- That the Secretwy of ‘i@ ti
authorized and directed to furnish ofEce space ta the National Advfeory Committee for Aeronautics in govmental
buildings occupid by the Signal Corps.

This appropriation became available July 1, 1918, and added tntho continuing appropriation
of $5,000 a year for five years, carrio.d in the act establishing the committee, made a total of
$205,000 available for the fiscal year 1919.

ESTIMATES FOR THR FISCAL YEAR 1920.

The fol.Iowing estimates of expenses for the fiscal year 1920 have bsen submitted by tho
committoe in due form:

For Ecientiiic resamch, technical inveetfgatione, and special reporta in the field of aeronautics, including the necw-
emy laboratory and technical atitants; traveling expenaw of members and tiployeea; office Eupplf% prfnting and
other miecellansoua expenees, including magazines and booke of reference; equipment, maintenance, and operation of
research laboratory and wind tunnal, and construction of additional buildings necq fn connection therewith;
purchaeq maintenance+ and operation of one motor-propelled p=engerarrying vehicle; pereonal mrvica in the fieId
and in the Dietzict of Columbia: ProII~ That the eum to be paid out of thfEappropriation for clerfcal, drafting, watch-
men, and measengm service for the tiecal year ending June thirtieth, nineteen hundred and twenty, ahafl not exceed
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$75,000; in all, $325,000: P-, That the Seaetary of Wariomtborfzedanddirectedb fumiihoffice apace to the

National Advisory Committee for Aeronautics in euch governmental building or buildings as may be deemd meat
appropriate for the conduct of the work of the NatfonaI Advfamy Gmmittee for ASKUMIItfM.

CONCLUSION.

‘I’ho committee believes that the United States are destined to and should rightfully take
tho lead in the development of aviation for commercial as well as milh%wy purposea. There are,
however, many problems in aviation which are still unsolved, ta which reference is made in this
report. Other problems will arise. The committoe therefore emphasizes the need for con-
tinuous scientific research and experimentation in aeronautics. The great deIays in getting an
effective air force into action during the war were due in no small part to the lack of a proper
scientific and technical foundation before the war.

The committee believes that it would be wise for the country to sustain an air servica
suitable for its immediate needs, but not a large force, as steady progress maybe expected in the
design of aircraft, and the civil and military services w-ill require cmstantly in time of peace,
but more especially in time of war, only the most improved typos.

Looking to the healthy development of aeronautics in America for all purposes, the com-
mittee strongly recommends:

First. ‘l%at support be given to the committee in ite program for the further scientific study
of the problems of flight, to which reference is made in this report.

%cond. That a continuing comprehensive governmental policy regarding the construction
of aircraft for both civil and military purposes be adopted, and that comparatively small ordms
be apportioned among competent aircraft manufacturers, thus assuring the etitence of a
nucleus of an aircraft industry capable of prompt and satisfactory response ta military needs when
the demand arises.

l%ird. That a plan of cooperation be formulated and approved whereby aviators in the
military and naval aerv-ices of the Unitad States may receive continuous training in long-distance
flying, and at the same time render effective service to the Nation by assisting in the work of the
air mail service.

Fourth. That legislation be enacted for the regulation of civil aerial navigation, the issuance
of licenses to pilots, inspection of machines, uses of landing fields, etc., and that such legislation
be so drawn as to effectively encourage the development of commercial uses of aeronautic in the
Unitad States, and at the same time guide the development as far as practicable along such
lines as will render immediate md effective military service to the Nation in event of war.

Ftith. That the estimates submitted by the War, Navy, and Pest Office Departments be
given full consideration with a view to placing &nerica foremost in the development of aviation
for all purposes.

Respectfully submitted.
NATIONAL ADVISORY 00MXmEE FOR A.ERONAUTIOS,
CHARLES D. ‘WAI.LKYIT,

CZairnaun, Executive Commitke.
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